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1. Executive summary 
D8.2 proposes a comprehensive framework for monitoring and assessing the impact of 
urban development policies to the city ecosystem as a whole, focusing on aspects of 
urban sustainability, resilience, and well-being.  
Based on literature survey, we provide a detailed overview of the main approaches 
proposed by international organizations to monitor and evaluate urban resilience, 
sustainability, and quality of life, presenting also the corresponding proposed indicators. 
The results of this survey provide the basis for developing a new framework suitable for 
assessing policy impact on the ecosystem of waterfront cities, exploring more than 
twenty different dimensions (including air quality, water resources, tourism, income, 
employment, leisure and recreation, public participation, etc.) classified under four pillars 
(environment, economy, society, and governance). Moreover, a set of appropriate 
indicators is specified for each dimension (e.g. surface water quality, groundwater 
quality, surface water level, etc. for the ‘water resources’ dimension), including 
commonly used indicators from the literature but also new indicators, appropriate for 
CUTLER pilots.  
Finally, a visualization widget is developed in Kibana and integrated in the CUTLER 
dashboard that allows presentation of this information (i.e. values of selected indicators) 
to policy makers in the form of spider-web graphs. Based on the data available for each 
pilot city, the spider-web graphs enable easy and straightforward comparison of the city 
ecosystem status before and after the implementation of specific policy measures but 
also comparison between different cities/areas where similar measures have been 
implemented. 
 
D8.2 - Cross-domain insights and visualization widget                                                            CUTLER-770469 
Filename: CUTLER_D8.2_final                                                                                                  Page 10 of 82 
2. Introduction 
CUTLER’s main objective is to shift the existing paradigm of policy making, which is 
largely based on intuition, towards an evidence-driven approach enabled by big data. 
Focusing on cities with waterfront areas, our aim is to exploit the wealth of data 
generated by and in the cities on a daily basis (by the public administration, public or 
private organizations, and citizens) in order to develop an innovative platform that will 
help policy makers to easily design, implement and monitor urban development policies 
in these cities. 
The policy-design cycle is implemented through the lenses of city resiliency, focusing on 
creating policies that will effectively balance between ensuring the well-being of citizens, 
strengthening the local economy, and protecting the environment. To this end, WP4,5,6 
have created three distinct theoretical frameworks for estimating policy impact on the 
economy, the environment and the society, respectively (see D4.1, D5.1 and D6.1), 
while also developing the widgets to allow visualization of the corresponding raw data 
and impact  indicators (see D4.2, D5.2, and D6.2). This deliverable, on the other hand, 
aims to provide a framework for presenting the impact of policies to the city 
ecosystem as a whole. This is achieved by introducing a set of indicators that 
characterize the city in terms of quality of life, sustainability, and resilience.  
A lot of work has been done in this direction during the last years by individual 
researchers and major international organizations like Eurostat, the Organisation for 
Economic Co-operation and Development (OECD), and the United Nations (UN). D8.2 
briefly examines the most significant approaches and frameworks and identifies the 
indicators that can be adopted to characterize the city ecosystem in the context of 
CUTLER, based on the available data of the pilot cities. Three main concepts are 
examined: sustainability, resilience and general quality of life.  
The deliverable is organized as follows: 
 In Section 3, we present a brief analysis of the available frameworks. 
 In Section 4, we propose a framework suitable for the needs of the waterfront cities 
of CUTLER, inspired by the frameworks of the previous section. 
 In Section 5, we present the visualization widget for communicating the indicators for 
sustainability, resilience and general quality of life of the framework presented in 
Section 4. 
 Section 6 draws the conclusions. 
 Appendices 1-10 (in Sections 7-16, respectively) summarize the indicators proposed 
by the different frameworks. 
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3. Measuring city resiliency, sustainability, and quality of life  
In this section, we briefly examine the main approaches to monitor and evaluate urban 
resilience, sustainability, and quality of life through the use of appropriate indicators. 
Urban resilience is “the capacity of individuals, communities, institutions, businesses 
and systems within a city to survive, adapt, and grow regardless of what kinds of chronic 
stresses and acute shocks they experience” [1]. Unban resilience is a multi-dimensional 
phenomenon that involves economic, social, environmental and institutional aspects. 
Sustainability is the process of maintaining change in a balanced environment, in which 
the exploitation of resources, the direction of investments, the orientation of 
technological development and institutional change are all in harmony and enhance both 
current and future potential to meet human needs and aspirations [2]. Sustainability is 
usually defined through three interconnected pillars: society, environment, and economy. 
Quality of life is the general well-being of individuals and societies, encompassing 
positive and negative features of life and estimating life satisfaction. It is a multi-
dimensional phenomenon encompassing everything from physical health, psychological 
state, education, social relationships, wealth, employment, housing, a sense of 
optimism, government, and the environment.  
These three concepts are closely interconnected and interrelated, including common 
dimensions (e.g. environmental, social, etc.) and corresponding indicators (e.g. GDP, 
environmental quality, etc.) as will be shown in the following subsections. 
3.1 Indicators 
The frameworks that will be examined in this section rely on the use of appropriate 
indicators to measure and estimate the different dimensions of resilience, sustainability 
and quality of life. Indicators are measurable variables used as representations of 
associated non-measurable factors [3]. For example, the PM10 concentration serves as 
an indicator of air quality or public health. 
Indicators are an essential tool for designing and monitoring policies, providing useful 
information about the aforementioned multi-dimensional environment in which policy 
makers are expected to make good decisions and provide effective solutions. They can 
either provide information on the baseline situation in a policy field to help policy makers 
make better decisions or monitor the effectiveness of a policy measure [4], allowing 
policy makers to evaluate whether the policy achieves its objectives. In general, 
indicators should be able to allow comparisons, detect trends and highlight issues that 
need attention, providing policy makers with all the necessary information to make better 
policies  [4]. 
Different indicators apply to different elements/dimensions of urban resiliency, 
sustainability or quality of life, e.g. one indicator measuring pollution (environmental 
aspect), other indicators associated with employment and wealth (economic aspect), 
other indicators associated with public participation in governance (social or institutional 
aspect) etc.  
As mentioned above, indicators play two different roles: they can either inform about 
baseline conditions or inform about the policy implementation and effectiveness. 
An example of the first type of indicators could be historic information about floods in the 
area of Antwerp that help policy makers identify which areas are in need of protection 
measures, e.g. where they should develop a garden street. Policy indicators on the other 
hand, are used to monitor or evaluate enforced policies.  
Obviously, the policy dimensions and the indicators that will be selected to monitor and 
evaluate them should be directly related to the specific policy and its objectives, since 
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not all proposed dimensions or indicators included in the proposed frameworks are 
applicable to every policy. 
3.2 Resilience 
There are several slightly different definitions of resiliency compared to the definition 
offered above in p. 11 but all of them share some significant common elements. 
Resilience is regarded as an ongoing capacity of the cities and their basic social 
elements, i.e. individual citizens, communities, organisations and businesses, to “absorb, 
adapt, transform and prepare for shocks and stresses along the economic, social, 
institutional and environmental dimensions, with the aim of maintaining the functions of a 
city and improving response to future shocks”  [4]. 
There are three main approaches to urban resilience, namely, disaster risk reduction, 
socio-ecological, and sustainable livelihoods [5]. These prioritize actions in different 
scales, i.e. on country, region, city, community or household levels. 
Disaster risk reduction (DRR) is a systematic approach to identify, assess and reduce 
the risks associated with hazards and human activities. The most common definition of 
disaster risk reduction is provided by the United Nations Development Programme 
(UNDP): "The conceptual framework of elements considered with the possibilities to 
minimize vulnerabilities and disaster risks throughout a society, to avoid (prevention) or 
to limit (mitigation and preparedness) the adverse impacts of hazards, within the broad 
context of sustainable development" [6]. Through this lens, resiliency is seen as “the 
ability of a system, community or society exposed to hazards to resist, absorb, 
accommodate, adapt to, transform and recover from the effects of a hazard in a timely 
and efficient manner, including through the preservation and restoration of its essential 
basic structures and functions through risk management” [7]. DRR approaches promote 
actions at national level but can also be implemented in the region/city level. 
The socio-ecological approach focuses on cities as complex socio-ecological systems 
with elements that are strongly interconnected. This approach adopted by the 
Rockefeller Foundation [8] and ICLEI-Local Governments for Sustainability [9] favours a 
holistic framework that combines the physical aspect of cities with less tangible aspects 
related to human behavior as expressed by society and economy. Through this lens, 
resiliency describes “the capacity of cities to function, so that the people living and 
working in cities – particularly the poor and vulnerable – survive and thrive no matter 
what stresses or shocks they encounter” [4]. 
Finally, the sustainable livelihoods approach focuses on the household and 
community level, considering the well-being of individuals and communities as the basic 
building block of resilience. It proposes a framework to improve the sustainability of 
livelihoods among poor and vulnerable groups by strengthening the resilience of their 
coping and adaptive strategies, stressing also the importance of social cohesion and 
local institutions. This approach has had significant influence upon the policies of various 
development agencies like the UNDP and the Food and Agriculture Organization. 
Ideally, urban resiliency should be approached through all these different paths and in all 
scales simultaneously. In the context of CUTLER, we will focus on the city level and 
approach resilience as a multi-dimensional, complex capacity that integrates different 
elements of the aforementioned approaches, mainly focusing on the first two.  
In the following, we briefly present the most important and comprehensive resiliency 
frameworks proposed in the literature. Each framework is built upon a set of pillars 
representing different aspects of resiliency (e.g. economic, environmental, etc.) while 
different sub-dimensions are also defined for each pillar (e.g. economic diversity, 
economic innovation, etc.). The main indicators proposed to monitor and assess the 
different resilience dimensions are also presented.  
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As will be seen, not all aspects, dimensions or indicators proposed by these frameworks 
are applicable to every policy and, consequently, to the policies examined in the context 
of CUTLER’s pilot cases. The resilience dimensions and the indicators that are selected 
to monitor and evaluate a specific policy should be directly related to the specific policy 
and its objectives. Since resilience is defined as the ability of the city to prepare, 
withstand and adapt to shocks and stresses, it is clear that the pilot of Antwerp, which 
focuses on protecting the city from flooding, is the most relevant to this concept.  
3.2.1 OECD framework for city resilience 
According to the OECD Ministerial Council Statement on “Resilient Economies and 
Inclusive Societies” [10], there are four pillars that drive urban resilience, much similar to 
the CUTLER pillars, i.e. Economy, Society, Environment and Governance. These are 
summarized below: 
 Economy: refers to the economic state of a city or community and includes 
dimensions such as industry diversity, growth rate, household income, innovation 
potential, employment rate, skilled employees, etc. 
 Society: refers to the well-being of citizens and touches dimensions such as 
inclusiveness, cohesiveness, social relationships, safety, health services, etc. 
 Environment: refers to the physical environment and deals with aspects such as 
climate change, ecosystem diversity, land use, infrastructure to deals with 
environmental shocks, etc. 
 Governance: refers to the institutions, organisations and decision-making 
processes in a city or community, etc. It deals with dimensions such as open 
government, transparency, participatory approaches, public officials’ skills, etc. 
The four pillars are obviously interrelated and necessitate an integrated approach to 
resilience that deals with multiple dimensions simultaneously. Figure 3-1 illustrates the 
four aspects of resiliency and their dimensions, according to the OECD resiliency 
framework [4] . 
Four types of policy indicators are identified in [4]: a) input indicators measure the 
resources that are available for a policy (e.g. available funds or people working to 
implement a policy); b) output indicators measure quantities produced by a policy (e.g. 
the area covered by a garden street in Antwerp or the number of parking spots created 
in Thessaloniki). Outputs are means to achieve a policy objective, but do not measure its 
effectiveness; c) outcome indicators monitor policy effectiveness (e.g. number of 
flooding events in the garden street; have they decreased?); finally, d) process indicators 
monitor whether specific actions or processes have actually taken place and reveal an 
institutional dimension. Process indicators can, for example, identify whether there is 
collaboration between different levels of government to implement a policy or whether 
the policy-making process is inclusive, including participatory governance and co-
creation elements. 
Appendix 1 in section 7 presents the list of indicators measuring city resilience as 
proposed by OECD. The indicators are classified across the four aspects and 16 
dimensions of the resilience framework illustrated in Figure 3-1. We also identify which 
of these indicators are applicable to CUTLER, based on the policy objectives set for 
each pilot city. 
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Figure 3-1: Urban resilience drivers and resilience dimensions according to OECD 
framework [4].
1
 
3.2.2 Rockefeller/Arup city resiliency framework 
The City Resilience Framework developed by the Rockefeller Centre and Arup provides 
a lens through which the complexity of cities and the various factors that contribute to a 
city’s resilience can be understood [8]. It consists of 12 key dimensions that correspond 
to the most important attributes of resilient cities.  
Four resiliency aspects are identified within this framework: 
 Health and well-being, focusing on the people, the citizens. 
 Economy and society, focusing on the organization of the city. 
 Infrastructure and environment, focusing on the physical aspect of the city 
comprised of the physical environment/ecosystem and the developed 
infrastructure. 
 Leadership and strategy, focusing on knowledge and how it is managed by 
authorities. 
Each aspect includes specific dimensions as shown in Figure 3-2. As can be seen, the 
aspects proposed by this framework are different than those proposed by OECD (see 
section 3.2.1), e.g. the social aspect considered under the OECD framework is here 
examined under two different pillars: ‘society & economy’ and ‘health & well-being’. 
                                               
1
 http://www.oecd.org/cfe/regional-policy/resilient-cities.htm     
Economy 
• Diverse number of 
industries 
• Dynamic economy to 
generate growth 
• Conditions allow innovation 
• People have access to 
employment, education, 
services, skills training. 
Environment 
• Ecosystem is sound and 
diverse 
• Infrastructure can meet 
basic needs 
• Adequate natural resources 
are available 
• Coherent policy towards 
land use 
Governnance 
• Clear leadership and 
management 
• Strategic and integrated 
approaches are taken by 
leaders 
• Public sector has the right 
skills 
• Government is open and 
transparent 
Society 
• Society is inclusive and 
cohesive 
• Citizens’ networks in 
communities are active 
• Neighbourhood is safe 
• Citizens enjoy healthy lives 
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Figure 3-2: Four urban resilience aspects and corresponding dimensions of 
Rockefeller/Arup City Resilience Framework [8]. 
 
For each dimension of the framework different indicators are examined, focusing on sub-
dimensions of resilience. Unlike the OECD framework, the Rockefeller/Arup framework 
does not propose actual quantifiable or qualitative indicators (e.g. estimated average 
exposure to air pollution) but rather offers a set of sub-dimensions of resilience that can 
be then quantified with appropriate indicators as those proposed by OECD.  
Appendix 2 in section 8 provides an overview of the indicators that are proposed to 
underpin the different dimensions of this framework.  
3.2.3 Baseline Resilience Indicators for Communities (BRIC) 
In [11], a framework defining baseline resilience indicators for communities is proposed, 
called BRIC. A common set of variables is used to measure the inherent resilience of 
communities, according to six different domains. Community resilience is viewed as a 
complex process of interactions between various systems, aiming to improve the 
community as a whole. 
The six resilience aspects identified within BRIC are:  
 Social resilience captures demographic qualities of a community's population that 
tend to associate with physical and mental wellness. 
 Community capital focuses on the level of community engagement and 
involvement in local organizations and the potential for local ties and social networks 
to help the community overcome difficulties. It can be seen as another dimension of 
the social aspect. 
 Economic resilience focuses on community economic vitality, diversity, and 
equality in compensation, but also on businesses. 
 The housing/infrastructure aspect focuses on disaster-relevant infrastructural 
capacities like housing the displaced, providing medical care, etc. 
 Environmental resilience captures aspects related to use of natural resources and 
environmental qualities. 
 The institutional aspect deals with programs, policies, and governance of disaster 
resilience and citizen training. 
Each aspect includes specific dimensions as shown in Figure 3-3. It is obvious that the 
aspects and dimensions considered under BRIC are essentially the same as those 
considered by the previous frameworks. E.g. the social aspect of the OECD framework 
examines more or less the same dimensions as those captured by the Social and 
Community capital aspects of BRIC, while the environmental aspect of OECD deals with 
Economy & 
society 
•Finance including 
contigency funds 
•Social stability and 
security 
•Collective identity 
and mutual 
support 
Infrastructure & 
Environemnt 
•Reliable mobility 
and 
communications 
•Continuity of 
critical services 
•Reduced physical 
exposure 
Leadership & 
strategy 
•Effective 
leadership and 
management 
•Empowered 
stakeholders 
• Integrated 
developemnt 
planning 
Health & well-
being 
•Minimal human 
vulnerability 
•Livelihood and 
employment 
•Safeguards to 
human lef and 
health 
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dimensions similar to those examined under the Housing/infrastructure and 
Environmental resilience aspects of BRIC.  
For each aspect of the framework, different indicators are examined, focusing on specific 
dimensions of resilience. Appendix 3 in section 9 provides an overview of the proposed 
BRIC indicators.  
 
 
                                
Figure 3-3: Urban resilience aspects and corresponding concepts/dimensions of BRIC 
resilience framework [11]. 
3.3 Sustainability 
According to the 1987 UN’s report of the World Commission on Environment and 
Development, sustainable development is defined as development that “meets the 
needs of the present without compromising the well-being of future generations” [2]. The 
Earth Charter [12] extends this definition by introducing the idea of a “sustainable global 
Economic 
•Homeownership 
•Employment rate 
•Race/ethnicity 
income equality 
•Non-dependence 
on primary/tourism 
sectors 
•Gender income 
equality 
•Business size 
•Large retail-
regional/national 
geographic 
distribution 
 
 
Environmental 
•Local food 
suppliers 
•Natural flood 
buffers 
•Efficient energy 
use 
•Pervious surfaces 
•Efficient water use 
 
Social 
•Pre-retirement 
age 
•Transportation 
•Communication 
capacity 
•English language 
competency 
•Non-special needs 
•Health insurance 
•Mental health 
support 
•Food provisioning 
capacity 
•Physician access 
 
Community 
capital 
•Place attachment-
not recent 
immigrants 
•Place attachment-
native born 
residents 
•Political 
engagement 
•Social capital-
religious 
organizations 
•Social capital-civic 
organizations 
•Social capital-
disaster 
volunteerism 
•Citizen disaster 
preparedness and 
response skills 
 
 
Housing/ 
infrastructure 
•Sturdier housing 
types 
•Temporary housing 
availability 
•Medical care 
capacity 
•Evacuation routes 
•Housing stock 
construction quality 
•School restoration 
potential 
• Industrial re-supply 
potential 
•High speed internet 
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society founded on respect for nature, universal human rights, economic justice, and a 
culture of peace.” Sustainability is nowadays a holistic approach that considers 
ecological, social and economic dimensions, but also governance aspects, recognizing 
that all these aspects must be examined together to achieve prosperity in a modern 
society. Environmental sustainability requires balance among the different systems 
comprising the earth ecosystem and sensible consuming of natural resources at a rate 
where nature can replenish them. Economic sustainability means that communities 
have access to all the resources that are necessary to satisfy their needs. Finally, social 
sustainability requires that universal human rights and basic necessities are attainable 
by all people, without discrimination.  
 
Figure 3-4: The three typical pillars of urban sustainability. 
 
To measure urban sustainability various indicators focusing on the different dimensions 
have been proposed in the literature [13]. Urban sustainability indicators can inform 
urban policies, but can also be used to monitor and measure the effectiveness of 
implemented policies. In the following subsections, we briefly present the most important 
sustainability frameworks proposed in the literature. Although there is consensus among 
researchers and stakeholders about the importance of the pillars of sustainability, very 
often frameworks put different focus on these aspects, favouring some aspects while 
under-presenting others.  
3.3.1 City Blueprints  
City Blueprints [14] is a dedicated framework for the assessment of the sustainability of 
urban water management. It focuses on the environmental and social aspect and 
examines eight broad categories, i.e. (1) water security, (2) water quality (which includes 
surface water and groundwater), (3) drinking water, (4) sanitation, (5) infrastructure, (6) 
climate robustness, (7) biodiversity and attractiveness, and (8) governance (see Figure 
3-5). For each category several indicators are defined (24 in total). These are given a 
score in the scale of 0 (a very poor performance needing further attention by managers 
and politicians) to 10 (an excellent performance which requires no further attention) and 
are represented through a spider web presentation.  
Appendix 4 in section 10 provides an overview of the proposed City Blueprint indicators.  
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D8.2 - Cross-domain insights and visualization widget                                                            CUTLER-770469 
Filename: CUTLER_D8.2_final                                                                                                  Page 18 of 82 
 
 
Figure 3-5: Urban sustainability aspects and dimensions of City Blueprints framework [14]. 
 
3.3.2 EEA Urban Metabolism Framework 
The European Environmental Agency (EEA) has developed a framework assessing 
urban metabolism [15]. The aim was to identify a set of general determinants behind 
commonalities and differences in metabolism of cities (urban flows) across Europe and 
their relationship to urban structures (urban patterns), socio-economic drivers (urban 
drivers), and aspects of quality of life (urban quality) (see Figure 3-6).  
 Urban flow indicators represent the physical metabolism of a city and cover 
areas such as Energy & Climate Change, Water, Waste and Land-use. 
 Urban drivers are aimed to provide relevant information on why we might 
observe changes in the physical metabolism over time or why we might see 
differences in the physical metabolism across cities. They cover six dimensions: 
Population and households, Lifestyles, Local climatic conditions, Prices, 
Transportation, and Capacity for environmental regulation. 
 Urban pattern indicators capture important aspects of land-use and the built 
environment in cities. They cover 5 dimensions: City size; Land-cover and land-
use; Transportation network; Urban form; and Buildings. 
 Urban quality indicators capture the quality of life in the city focusing on air-
pollution; noise; infrastructure, green space and accessibility; and social 
aspects/unemployment. 
 
 
Figure 3-6: Aspects and dimensions of EEA Urban Metabolism Framework [15]. 
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A total of 56 indicators are proposed. A subset of 15 headline indicators is selected to 
provide a descriptive summary of urban metabolism, usually in the form of spider web 
representations. The strength of this framework is in its simplicity and its use of readily 
available data sources. Appendix 5 in section 11 provides an overview of the proposed 
urban metabolism indicators.  
Unlike the City Blueprints framework that focuses on water management (at least the 
first four aspects of this framework), the EEA framework is a more general one. 
However, as shown by an examination of the proposed indicators, they cover more or 
less the same dimensions as those included in the last four aspects of City Blueprints.  
3.3.3 Reference Framework for Sustainable Cities (RFSC) 
The Reference Framework for Sustainable Cities [16] is a toolkit that helps European 
cities to implement the goals of the Leipzig Charter for Sustainable European Cities [17], 
following the Declaration of Marseille of European Ministers responsible for Sustainable 
Cities. Four aspects of sustainability are considered (economic, social, environmental, 
and governmental) and 18 key dimensions are examined [18] (Figure 3-7). A broad set 
of indicators is proposed for these dimensions. Appendix 6 in section 12 provides an 
overview of 30 key indicators of RFSC. 
As can be seen, the basic dimensions covered by this framework have significant 
similarities to those examined by the EEA framework, although classified under different 
pillars.  
 
Figure 3-7: Aspects and dimensions of the Reference Framework for Sustainable Cities 
(RFSC) [18]. 
3.3.4 Indicators for Sustainability from Sustainable Cities International 
(SCI) 
Sustainable Cities International (SCI) examined the work done by several cities towards 
establishing sustainability indicators to monitor the effectiveness of their policies [19]. 
The research focused on identifying common key indicators among cities and proceeded 
to create a toolkit of basic indicators, aiming to help cities evaluate their sustainability 
projects. The indicators cover three aspects (environmental, social and economic) and 
14 different dimensions (see Figure 3-8). Appendix 7 in section 13 provides an overview 
of the proposed indicators. 
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Figure 3-8: Aspects and dimensions of Sustainable Cities International sustainability 
framework  [19]. 
The SCI framework is pretty similar to the RFSC framework, the difference being that the 
latter also covers governmental dimensions.  
3.4 Quality of life 
In recent years, it was made clear that the quality of life and well-being of people around 
the world could not be measured only in terms of economic indicators like the GDP. 
GDP may capture accurately economic growth or market production but cannot 
efficiently capture social progress. Moving beyond economic performance, a more 
comprehensive and wide approach is required to define and evaluate quality of life [20]. 
To this end, a long discussion has been taking place during the last couple of decades 
focusing on how to efficiently measure social progress and well-being of citizens and 
nations; as a result several important frameworks have been proposed by international 
organizations and individual researchers. Quality of life should be approached as a 
multi-dimensional issue that covers emotional, physical, material and social well-being 
and touches upon all aspects of everyday life from health to education to equal 
opportunities to living conditions to environmental quality to public participation in 
governance, etc. Given that every decision taken by policy makers at a local or national 
level directly affects citizens’ life, quality of life indicators should be carefully chosen and 
closely monitored by official stakeholders so as to ensure that enforced policy measures 
promote citizens’ well-being. In the following, we briefly present two major frameworks 
for measuring quality of life proposed by Eurostat and OECD respectively. 
3.4.1 Eurostat quality of life indicators 
Based on academic research and several initiatives, the Quality of Life Expert Group of 
Eurostat proposed an overarching framework for well-being based on the following 8+1 
dimensions/domains [21] (see Figure 3-9), which should be considered simultaneously  
[20]: 
 Material living conditions, measured on the basis of three sub-dimensions: 
income, consumption and material conditions (deprivation and housing).  
 Productive or main activity, measured through three sub-dimensions: quantity 
of employment, quality of employment and other main activity (inactive 
population and unpaid work). 
 Health, measured through three sub-dimensions: health outcome indicators such 
as life expectancy, the number of healthy life years, and subjective assessments 
of own health; health determinants (healthy and unhealthy behaviours, such as 
smoking, alcohol, exercising, etc.); and access to healthcare. 
Economic 
•Un/Employment 
•Economic growth 
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 Education, measured through four sub-dimensions: population’s educational 
attainment; self-assessed and assessed skills; participation in life-long learning; 
and opportunities for education.  
 Leisure and social interactions, measured through two sub-dimensions: leisure 
activities (and lack of) and social interactions and activities with others. 
 Economic and physical safety, measured in terms of two sub-dimensions, 
physical safety (e.g. crime statistics) and economic safety (i.e. wealth indicators).  
 Governance and basic rights, measured in terms of three sub-dimensions: 
trust in institutions and public services; discrimination and equal opportunities; 
and active citizenship. 
 Natural and living environment, measured by objective (e.g. air pollutants 
concentration) and subjective (e.g. personal perceptions of noise levels or 
satisfaction with environment and green areas) indicators. 
 Overall experience of life, measured using three sub-dimensions: life 
satisfaction), affect (feelings or emotional states) and eudaemonics (sense of 
having meaning in one’s life). 
Appendix 8 in section 14 provides an overview of the 75 quality of life indicators. 
Among them, 17 indicators have been selected as headline indicators (see Table 
3-1). Indicators are classified as objective (e.g. income) or subjective (e.g. 
satisfaction with financial situation). Data to measure these indicators are collected 
from Eurostat modules (like the European Union Statistics on Income and Living 
Conditions (EU-SILC) and European Union Labour Force Survey (EU LFS)) and 
national statistical agencies.  
 
 
 
Figure 3-9: Overview of Eurostat’s quality of life framework dimensions
2
. 
 
Table 3-1: The 17 headline indicators of the Eurostat Quality of Life framework. 
Dimension  Indicator 
Material living conditions 
Median income 
S80/S20 (inequality of income) 
Severe deprivation rate 
                                               
2
 https://ec.europa.eu/eurostat/cache/infographs/qol/index_en.html  
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Dimension  Indicator 
Productive or other main 
activity 
Employment rate 
Job satisfaction 
Health  
Life expectancy 
Self-perceived health status 
Education Tertiary educational attainment 
Leisure and social interactions 
Satisfaction with time use 
Help from others 
Economic and physical 
security 
Inability to afford unexpected expenses 
Homicide rate 
Perception of crime, violence or vandalism in the 
living area 
Governance and basic rights Trust in the legal system 
Natural and living environment 
Urban pollution 
Perception of pollution, grime or other 
environmental problems in the living area 
Overall experience of life Life satisfaction 
3.4.2 OECD framework for measuring well-being and progress 
The OECD Framework for Measuring Well-Being and Progress [22] is built around three 
domains: material conditions, quality of life and sustainability. Each domain includes 
several dimensions as shown in Figure 3-10. The first two domains refer to current well-
being while the last domain examines future well-being [23]. 
 Material living conditions refers to the economic well-being of citizens and 
focuses on income and wealth, employment and housing. 
 Quality of life examines non-monetary attributes of individuals and touches 
upon dimensions such as health, education, social connections, civic 
engagement, environment, and subjective well-being. 
 Sustainability refers to the preservation of the socio-economic, natural and 
human capital that will allow well-being to last over time. 
 
Appendix 9 in section 15 provides an overview of the proposed well-being indicators. 
Data to measure these indicators are collected from OECD library [24] and other 
international organisations such as Eurostat, World Bank, UN agencies, etc. 
From an examination of the indicators corresponding to the first two domains (Quality of 
life and Material conditions), it is clear that the OECD and Eurostat frameworks cover 
similar dimensions like health, education, housing, security, environment, governance, 
etc. and share many common indicators. 
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Figure 3-10: OECD framework for measuring well-being and progress (image taken from 
http://www.oecd.org/statistics/measuring-well-being-and-progress.htm) 
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4. CUTLER framework for monitoring the city-ecosystem as a 
whole 
In this section, we propose a framework for presenting the impact of urban development 
policies to the city ecosystem as a whole. Inspired by the frameworks presented in 
Section 3 that follow a multidimensional approach examining different systems in the city 
and different aspects of life in the city, we develop a comprehensive framework that 
combines indices of urban resilience, sustainability and well-being and is suitable for  
waterfront cities. 
The framework presents a holistic approach that includes dimensions that may not be 
currently related to the specific CUTLER pilot cases but which are in principle applicable 
to typical urban development policies proposed for waterfront cities. Each city and policy 
maker should select to examine only the dimensions and indicators that are more 
appropriate for informing and monitoring a specific policy, based on the identified policy 
objectives. This way they can avoid a complex framework that loses focus in the larger 
picture of what the policy tries to achieve.   
4.1 Framework aspects and dimensions 
Although there are variations among the frameworks presented in Section 3 with regard 
to the pillars or main domains upon which these frameworks are based, a careful 
examination shows that basically the different dimensions examined by these 
frameworks can be classified under four domains: social, environmental, economic and 
governance. This approach is very similar to the three-pillar approach followed by 
CUTLER. In these we add an additional pillar examining governance issues like public 
participation in decision making, which is also important for assessing policy 
effectiveness and acceptance by the public. 
In the following sections, we discuss the dimensions included under each pillar as well 
as the indicators proposed for monitoring them.  
4.1.1 Overview 
The framework described here introduces a set of indicators that characterize the city in 
terms of quality of life, sustainability, and resilience. The framework dimensions are 
illustrated in Figure 4-1. Appendix 10 in section 16 provides an overview of the proposed 
indicators. 
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Figure 4-1: Dimensions of CUTLER framework for assessing policy impact on the city eco-
system as a whole. 
4.1.2 Environmental dimensions 
The physical environment of a city is a key component that directly affects the citizens’ 
quality of everyday life (e.g. the availability of green spaces and air/water quality directly 
affect leisure activities and health, respectively) but also city resilience (e.g. floods may 
put in danger citizens and properties) and sustainability (e.g. a city with high air pollution 
and not enough green spaces is not sustainable in the long-term). The environment also 
affects economy (e.g. the waterfront attracts tourism but high pollution is a deterrent 
factor for tourists) and intrinsically matters since people find importance and calmness in 
the beauty attached to it. This is especially true for waterfront cities where areas next to 
water host a variety of activities (related to leisure, recreation, culture, tourism, etc.) and 
are considered to constitute the heart of the city. 
Based on a combination of the RFSC, SCI and City Blueprints frameworks, we identify 8 
dimensions under the environmental pillar:  
• Climate change is a global issue that threatens the survival of the Earth’s flora 
and fauna, including human beings. Among its many impacts is the increasing 
appearance of more violent weather phenomena like increased rainfall and 
flooding from rivers and lakes, drought and fires, death of plants and animals etc. 
Under this dimension, sub-dimensions such as green gas emissions, renewable 
energy and protection of ecosystems are examined. 
• Air quality is of outmost importance for human health and remains a major 
concern in many big cities of the developed world, despite the introduction of 
green technology measures and strict environmental regulations. According to 
the World Health Organization (WHO), approximately 4.2 million premature 
deaths globally are linked to air pollution, mainly from heart disease, stroke, 
chronic obstructive pulmonary disease, lung cancer, and acute respiratory 
infections in children [25]. 
• Water resources deals with all issues related to water from quality of water to 
water security, inspired by the City Blueprints framework. Special emphasis is 
given to this dimension, since the water element is in the core of the policies 
examined in the context of CUTLER.  
• Noise  has  a  significant  impact on the quality  of  life in the city and  according 
to WHO must  be  considered  as  a  health  threat. 
• Public and green spaces covers sub-dimensions related to citizen access to 
public spaces but also green spaces inside the city offered for leisure and 
recreation and serving as the city’s lung.  
• Land  cover  and  land  use, inspired by City Blueprints, gives  insights  into  
how  the  city  territory  is  used  for  different  purposes.   
• Mobility covers all issues related to transportation and commute patterns. How 
people move in the city is an important aspect related to sustainability, since 
higher share of walking or biking means lower pollution rates and greenhouse 
emissions and thus better health.  
Social 
•  Culture, leisure and recreation 
•  Social interactions 
•  Overall life satisfaction  
 
Governmental 
•  Civic engagement 
•  Public participation 
•  Governance  
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• Waste covers dimensions related to waste management like the volume of waste 
produced and the share of recycled waste. 
• Flooding covers indicators related to floods in the city. Cities with water bodies 
very often face significant flooding that causes problems in everyday life as well 
as significant economic losses. The indicators proposed here are inspired by 
[26]. 
• Urban   form,   inspired by City Blueprints, examines population density but also 
buildings in the city. 
• Attractiveness, estimates how attractive citizens find the waterfront area or the 
existence of water bodies within the city. 
In the following, we present the indicators proposed for each dimension of the 
environmental pillar. 
1. Climate change 
Indicator Annual carbon dioxide (CO2) emissions (Tonnes/capita/year) 
Short description: CO2, also known as a greenhouse gas (GHG), is a gas that absorbs 
and emits thermal radiation, creating the ‘greenhouse effect’. It is among the most 
harmful GHG as it substantially influences climate change and threatens the 
environment and public health. CO2 enters the atmosphere through burning fossil fuels 
(coal, natural gas, and oil), solid waste, trees and wood products, and also as a result of 
certain chemical reactions [27]. 
Supplementary indicators based on further distribution of these emissions can be used, 
if related data are available: 
 CO2  intensity of residential activities (Tonnes per capita per year) 
 CO2  intensity of transportation activities (Tonnes per capita per year) 
 CO2  intensity of energy use (Tonnes per capita per year) 
Source: EEA urban metabolism framework, RFSC sustainability framework 
 
Indicator Share of renewables in energy consumption (%) 
Short description: Measures the share of energy from renewable sources in gross final 
consumption of energy. 
Source: RFSC sustainability framework 
 
Indicator Biodiversity (%) 
Short description: Share of areas designated for nature protection and biodiversity 
under either municipal, communal, national or local schemes. 
Source: RFSC sustainability framework 
 
Indicator Rainfall (Precipitation) (mm) 
Short description: Average annual rainfall. 
Source: EEA urban metabolism framework 
 
Indicator Temperature (Co) 
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Short description: Average temperature over a year. 
Source: EEA urban metabolism framework 
 
2. Air quality 
Indicator PM10 concentration (μg/m3) 
Short description: Measures concentrations of fine particles (with diameter less than 10 
microns) in the air we breathe. Particulate matters (PM) consist of  small  liquid  and  
solid  particles  floating  in  the  air,  and  include  sulphate,  nitrate,  elemental  carbon,  
organic carbon matter, sodium and ammonium ions in varying concentrations. It is one 
of the most harmful air pollutants, as it directly affects the respiratory system, causing or 
aggravating cardiovascular and diseases and cancer. 
Source: OECD resilience framework, EEA urban metabolism framework, SCI 
sustainability framework, OECD well-being framework, Eurostat quality of life framework 
 
Indicator  Frequency of PM10 concentrations above permitted limits (number of 
days per year) 
Short description: It measures the number of days per year that PM10 concentration 
exceeded the limits set by EU directives. 
Source: EEA urban metabolism framework, Reference Framework for Sustainable 
Cities 
 
Indicator NO2 concentration (μg/m
3) 
Short description: Measures concentrations of Nitrogen Dioxide in the air we breathe. 
NO2 reacts with other elements and leads to the formation of 'secondary' PM and 
ground‑level atmospheric ozone. It affects people with asthma and other lung conditions. 
Source: EEA urban metabolism framework 
 
Indicator O3 concentration (μg/m
3) 
Short description: It measures concentrations of Ozone in the air we breathe. Ground 
level ozone is not emitted directly into the air, but created by chemical reactions between 
oxides of nitrogen and volatile organic compounds. This happens when pollutants 
emitted by cars, power plants, chemical plants, etc. react in the presence of sunlight 
[28]. Even at relatively low levels, exposure to ozone can cause harmful health effects, 
particularly of the lungs and respiratory system. 
Source: EEA urban metabolism framework 
 
3. Water resources 
Indicator Surface water quality  
Short description: Measures the quality of surface water based on the following 
variables: 
 Basic variables (e.g. temperature, pH, conductivity, dissolved oxygen, and 
discharge); 
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 Suspended particulate matter (e.g. Biological Oxygen Demand (BOD), Chemical 
Oxygen Demand (COD), Total Organic Carbon (TOC)); 
 Organic pollution indicators (e.g. NH4-N, SO4, NO2, NO3, Cl, NO3) and metals 
concentration (e.g. Cd, Cr, Pb, Cu, Zn, Fe, Al, Mn, Ni); 
 Indicators of eutrophication: nutrients (e.g. Total Nitrogen (TN), Total Kjeldahl 
Nitrogen (TKN), Total Phosphorus (TP)) and various biological effect variables 
(e.g. Fecal Coliform, Total Coliform, Fecal Streptococcus). 
Source: City Blueprint, SCI sustainability framework 
 
Indicator Groundwater quality  
Short description: Measures the quality of groundwater based on the following 
variables: 
 Basic variables (e.g. temperature, pH, conductivity, dissolved oxygen, and 
discharge); 
 Suspended particulate matter (e.g. Biological Oxygen Demand (BOD), Chemical 
Oxygen Demand (COD), Total Organic Carbon (TOC)); 
 Organic pollution indicators (e.g. NH4-N, SO4, NO2, NO3, Cl, NO3) and metals 
concentration (e.g. Cd, Cr, Pb, Cu, Zn, Fe, Al, Mn, Ni); 
 Indicators of eutrophication: nutrients (e.g. Total Nitrogen (TN), Total Kjeldahl 
Nitrogen (TKN), Total Phosphorus (TP)) and various biological effect variables 
(e.g. Fecal Coliform, Total Coliform, Fecal Streptococcus). 
Source: City Blueprint 
 
Indicator Surface water level (m) 
Short description: Measures level of surface water in the city, e.g. 
sea/river/lake/wetland level. 
Source: - 
 
Indicator Groundwater level (m) 
Short description: Measures level of groundwater. Groundwater is water that has 
permeated into the surface of the earth to an impermeable layer. There it forms 
underground lakes called aquifers. It makes up about 20% of earth’s fresh water supply 
and is an important resource that can act as a natural storage buffering against 
shortages of surface water, e.g. because of drought. 
Source: - 
 
Indicator Water availability (tonnes) 
Short description: Measures total amount of water availability in tonnes. 
Source: SCI sustainability framework, City Blueprint 
 
Indicator Water footprint (m3 per capita per year) 
Short description: Measures the total volume of freshwater (m3) used per capita per 
year  
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Source: City Blueprint, EEA urban metabolism framework, RFSC sustainability 
framework 
 
4. Noise 
Indicator Day noise (%) 
Short description: Share of people exposed to noise levels higher than 55 dB during 
the day. 
Source: EEA urban metabolism framework, RFSC sustainability framework, Eurostat 
quality of life 
 
Indicator Night noise (%) 
Short description: Share of people exposed to night noise levels higher than 55 dB. 
Source: EEA urban metabolism framework, RFSC sustainability framework, Eurostat 
quality of life 
 
5. Public and green spaces 
Indicator Green space access (m2  per capita) 
Short description: Green space to which the public has access in m2   per capita. 
Source: EEA urban metabolism framework, SCI sustainability framework 
 
Indicator Recreational land (%) 
Short description: Share  of  land  area  in  recreational,  sports  and  leisure  use 
Source: EEA urban metabolism framework 
 
6. Land cover and land use 
Indicator Sealed land (%) 
Short description: Share  of  sealed urban  area  of  city  size 
Source: EEA urban metabolism framework 
 
Indicator Built-up land (%) 
Short description: Share  of  sealed urban  area  of  city  size 
Source: EEA urban metabolism framework 
 
Indicator Open spaces land (%) 
Short description: Share  of  green  spaces  area,  water  and  wetland   areas 
Source: EEA urban metabolism framework, SCI sustainability framework 
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7. Mobility 
Indicator Transportation modes  
Short description: Transportation mode split (Percentage of each mode of 
transportation, i.e. private, public, bicycles, pedestrians) 
Source: SCI sustainability framework, RFSC sustainability framework, EEA urban 
metabolism framework, OECD resiliency framework 
 
Indicator Car ownership (number per capita) 
Short description: Number  of  private cars  registered  per  capita 
Source: EEA urban metabolism framework, BRIC framework 
 
Indicator Traffic volume  
Short description: Total  number  of  vehicle km  per  capita 
Source: EEA urban metabolism framework 
 
Indicator Average commute time (min) 
Short description: Measures average time required for citizens to go to work. This is an 
important indicator of quality of life in the city. Research has shown that every extra 
minute spent travelling to and from work reduces job and leisure time satisfaction, 
increases strain and worsens mental health [29], while also affecting the economy and 
burdening the environment. 
Source: SCI sustainability framework 
 
Indicator Satisfaction with  level of public transport services 
Short description: Share of citizens satisfied with public transport as measured by 
community sentiment within the city. 
Source: SCI sustainability framework, RFSC sustainability framework 
 
8. Waste 
Indicator Waste intensity (Tonnes/capita/year) 
Short description: Volume of solid waste generated 
Source: EEA urban metabolism framework, SCI sustainability framework 
 
Indicator Recycling (%) 
Short description: Share of solid waste recycled. 
Source: EEA urban metabolism framework, OECD resiliency framework, SCI 
sustainability framework 
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9. Flooding  
Indicator Magnitude of maximum flood   
Short description: Average of the maximum daily flows along the year. 
Source: Water Framework Directive for ecological flows 
 
Indicator Frequency of floods   
Short description: Number of floods per year. 
Source: Water Framework Directive for ecological flows 
 
Indicator Economic losses from floods  (euros/year) 
Short description: Average amount of economic losses due to flood incidents per year. 
Source: - 
 
10. Urban form 
Indicator Population density (people/km2) 
Short description: Number of residents per km2.   
Source: EEA urban metabolism framework 
 
Indicator Urban centrality index (km) 
Short description: Measures average  distance of dispersed  sealed  urban  patches  
on  the  city  territory  to   some   defined   city centre such as the central business 
district.   
Source: EEA urban metabolism framework 
 
11. Attractiveness 
Indicator Waterfront attractiveness  
Short description: Water supporting the quality of the urban landscape as measured by 
community sentiment within the city. 
Source: City Blueprint 
4.1.3 Economic dimensions 
The economy of a city and the wealth of its citizens and enterprises directly affect urban 
quality of life, sustainability and resilience. A robust economy allows people to satisfy 
their needs but also promotes higher health status and education and higher life 
satisfaction. Moreover, a diverse economy that exploits green opportunities and tools 
ensures sustainability. Finally, a wealthy city with low unemployment rate is able to more 
effectively and quickly adapt to shocks and stresses, since it possess the funds to 
rebuild or help its citizens.  
D8.2 - Cross-domain insights and visualization widget                                                            CUTLER-770469 
Filename: CUTLER_D8.2_final                                                                                                  Page 32 of 82 
Based on a combination mainly of the frameworks proposed by OECD and Eurostat, we 
define 6 dimensions under the economic pillar:  
• Income and wealth are significant elements of well-being. Income provides a 
good measure of the consumption capabilities of households, while the GDP 
provides a good indicator of the financial robustness of a city. Moreover, 
measuring income inequality is also interesting, since the aim of sustainable and 
resilient policies is to distribute wealth equally among citizens.  
• Employment measures the employment rate and the long-term unemployment 
rate of working age population. It is relevant to well-being and sustainability. 
Cities with high levels of employment are richer, safer and healthier. 
Unemployment not only affects the living conditions of individuals but also 
causes significant mental health stress that persists over time. 
• Economic diversity examines how diverse is the local economy in terms of 
relying in different types of economic activity. Economy diversity is a means to 
achieve economic sustainability but also improve resilience against stresses or 
shocks. 
• Real estate measures house and commercial property prices in the city. It is 
often observed that real-estate property in the vicinity of water has significantly 
higher prices. This dimension is included to examine whether property in the 
waterfront is overpriced and who can ultimately afford to live there. The proposed 
indicators are inspired by the indicators proposed by OECD [30] and the Greek 
National Statistical Agency [31]. 
• Tourism examines the economic value of tourism and provides a measure of 
tourism attractiveness and competitiveness for the city. This dimension is not 
included in the frameworks presented in Section 3, however, it has been included 
in this framework because tourism is a significant dimension of urban 
development activities in waterfront cities and is a dimension examined in at least 
two CUTLER pilots. The corresponding indicators have been proposed by OECD 
[32]. 
• Ports. This dimension examines traffic of passengers and goods in cities with 
ports. The corresponding indicators have been proposed by OECD to measure 
port performance [33]. This dimension is not included in the frameworks 
presented in Section 3; however it allows examining a significant economic 
activity that is usually related with waterfront cities, similarly to tourism. 
In the following, we present the indicators proposed for each dimension of the economic 
pillar. 
12. Income and wealth 
Indicator GDP (euros) 
Short description: Gross domestic product at city level.  Measures the market value of 
all the final goods and services produced in a period of time annually.  
Source: EEA urban metabolism framework, SCI framework 
 
Indicator Net adjusted disposable annual household  income (euros) 
Short description: Household net adjusted disposable income is the amount of money 
that a household earns, or gains, each year after taxes and transfers. It represents the 
money available to a household for spending on goods or services. It includes income 
from economic activity, property income, social benefits in cash, and social transfers in 
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kind. 
Source: OECD resilience framework, EEA urban metabolism framework, Eurostat 
quality of life framework, OECD well-being framework 
 
Indicator Income inequality (%) 
Short description: GINI Index. The Gini coefficient is used to measure how far a 
country's wealth or income distribution deviates from a totally equal distribution. 
Source: OECD resilience framework, Eurostat quality of life framework 
 
13. Employment 
Indicator Employment rate (%) 
Short description: Employment rate for women and men aged 15-64 
Source: OECD resilience framework, SCI framework, Eurostat quality of life framework, 
OECD well-being framework 
 
Indicator Long unemployment rate (%) 
Short description: Share of people who have been unemployed for one year or more 
with regard to the total labour force (the sum of employed and unemployed people). 
Source: OECD resilience framework, EEA urban metabolism framework, SCI 
framework, Eurostat quality of life framework, OECD well-being framework 
 
Indicator New businesses 
Short description: Number of new businesses registered within the city in the past 
year, per 100K population 
Source: OECD resilience framework 
 
14. Economic diversity  
Indicator Employment per sector (%) 
Short description: Employment rate per activity sector. 
Source: RFSC framework 
 
Indicator Single-sector dependence (%) 
Short description: Single-sector economic dependence (%), especially primary sector. 
Source: OECD resilience framework, 
 
15. Real estate 
Indicator House price (euros) 
Short description: Average house price. If data are available, average price based on 
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distance from water body can also be estimated, e.g. 
 House price for houses at <= 1km distance from waterbody. 
Source: EEA urban metabolism framework, Greek National Statistical Agency, OECD 
analytical house price indicators 
 
Indicator Commercial property price (euros) 
Short description: Average commercial property price. If data are available, average 
price based on distance from water body can also be estimated, e.g. 
 Commercial property price for properties at <= 1km distance from 
waterbody. 
Source: Greek National Statistical Agency, OECD analytical house price indicators 
 
Indicator Land price (euros) 
Short description: Average land price. If data are available, average price based on 
distance from water body can also be estimated, e.g. 
 Land price for properties at <= 1km distance from waterbody. 
Source: Greek National Statistical Agency 
 
Indicator Real estate transactions (%) 
Short description: Increase in number of real estate transactions compared to last 
year. 
Source: Greek National Statistical Agency 
 
Indicator House affordability  
Short description: Average house price to mean household income ratio. It depicts the 
number of years of family or household income that will be invested to purchase a home. 
A high ratio usually indicates a housing market that is over-valued. 
Source: OECD analytical house price indicators 
 
16. Tourism 
Indicator Number of tourists 
Short description: Average number of tourists visiting the city per year. 
Source: OECD stats 
 
Indicator Tourism GDP (%) 
Short description: Direct tourism GDP as share of total city GDP. It focuses on direct 
impacts. Indirect/induced GDP effects  are  important,  however  it  is  extremely  difficult  
to  obtain  evidence  of  such. 
Source: OECD stats 
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Indicator Total tourism employment (%) 
Short description: Direct tourism employment as share of total city employment.  
Source: OECD stats 
 
17. Ports  
Indicator Container throughput (TEU) 
Short description: Measures how much container traffic is going through a terminal at 
any given time. Container throughput is measured by twenty-foot equivalent units (TEU). 
Source: OECD indicators for port city performance 
 
Indicator Vessels traffic (number of vessels) 
Short description: The total vessel traffic in a port at a specific period. 
Source: OECD indicators for port city performance 
 
Indicator Passengers traffic (thousands of passengers) 
Short description: The total passenger traffic in a port at a specific period. 
Source: OECD indicators for port city performance 
4.1.4 Social dimensions 
Social dimensions of the proposed framework are directly related to quality of life and 
wellbeing of citizens. As shown in Section 3, this pillar usually includes dimensions such 
as health, education, leisure, social connections, security, personal well-being, etc. 
Since CUTLER focuses on policies promoting urban development in waterfront cities 
(either by creating infrastructure to protect the city against dangers or exploiting the 
beauty of the water to enforce policies or measures that will promote tourism), the 
proposed framework will not examine social dimensions like education or health since 
they are currently out of the scope of the project related-policies.  
Based on a combination mainly of the well-being frameworks proposed by OECD and 
Eurostat, we define 3 dimensions under the social pillar:  
 Culture, leisure and recreation: Leisure activities are activities that people 
undertake outside their compulsory activities such as working, doing domestic 
chores or studying. Leisure activities often include culture and recreational 
activities, taking place in the city’s open spaces or involving local citizen 
associations.  
 Social interactions include both personal relationships and relationships among 
community members. They are a strong determinant of social cohesion and in 
many cases they are the most important determinant of personal well-being. 
 Overall life satisfaction examines subjective well-being. 
 
In the following, we present the indicators proposed for each dimension of the social 
pillar. 
D8.2 - Cross-domain insights and visualization widget                                                            CUTLER-770469 
Filename: CUTLER_D8.2_final                                                                                                  Page 36 of 82 
18.  Culture, leisure and recreation 
Indicator Participation in culture or sport activities 
Short description: Share of population participating in some kind of culture or sport 
activity  
Source: Eurostat quality of life framework 
 
Indicator City budget allocated to culture or sport facilities 
Short description: Share of municipal budget allocated to cultural and sporting facilities 
Source:  RFSC framework 
 
Indicator Satisfaction with time spent on culture or sport facilities 
Short description: Share of citizens that are satisfied with the culture or sport facilities 
offered by the city 
Source:  Eurostat quality of life framework 
 
19.  Social interactions 
Indicator Contacts with others (%) 
Short description: Share of people socializing with friends or relatives at least once a 
week 
Source: OECD resilience framework, OECD well-being framework, Eurostat quality of 
life framework, , Rockefeller/ Arup framework 
 
Indicator Social network support (%) 
Short description: Share of people who have relatives or friends they can count on 
Source: OECD well-being framework, Eurostat quality of life framework, Rockefeller/ 
Arup framework 
 
Indicator Trust in others (%) 
Short description: Share of people who state that they trust their co-citizens 
Source: Eurostat quality of life framework 
 
20.  Overall life satisfaction 
Indicator Overall life satisfaction (%) 
Short description: Share of people saying that they are satisfied by their lives in 
general 
Source: OECD well-being framework, Eurostat quality of life framework 
 
Indicator Satisfaction with life in city (%) 
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Short description: Satisfaction with different aspects of life in the city such as 
environment, infrastructure, recreation, healthcare, education, etc.  
Source: OECD well-being framework 
4.1.5 Governmental dimensions 
Participating in society and voicing one’s opinions is essential to citizen well-being. It is a 
basic right but at the same time also contributes significantly in enforcing accountability 
of elected officials and improving the effectiveness of public policies [22]. Since public 
policy affects directly the everyday life citizens, more effective policies mean better 
quality of life in the city. 
Inspired by the frameworks proposed by OECD, Eurostat, and RFSC, we define 3 
dimensions under the governmental pillar:  
 Civic engagement examines participation in elections. 
 Public participation examines whether citizens are actively involved in the city 
life by volunteering in different local organizations. 
 Governance examines aspects such as transparency and public consultation 
processes. 
In the following, we present the indicators proposed for each dimension of the 
governmental pillar. 
21.  Civic engagement 
Indicator Voter turnout 
Short description: Share of population participating in elections. 
Source: OECD well-being framework, Rockefeller/Arup framework 
 
22. Public participation 
Indicator Number of civic organizations 
Short description: Civic organizations per 10,000 persons 
Source: BRIC framework 
 
Indicator Participation in voluntary activities (%) 
Short description: Share of people who volunteer for a group or organization as a 
measure of local community strength. 
Source: Eurostat quality of life framework, City Blueprint 
 
23. Governance 
Indicator Transparency 
Short description: City has open data portal, including budget, organisational structure, 
plans and projects of different policy sectors 
Source: OECD resilience framework, Rockefeller/ Arup framework 
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Indicator Public participation in decision making processes 
Short description: Describes the  extent  to  which  formal  public consultation  
processes  are  built-in  in governance and policy making.   
Source: Inspired by OECD well-being framework 
 
Indicator Public satisfaction with participation 
Short description: Satisfaction of local stakeholders with opportunities to participate in 
local planning and decision-making processes 
Source: RFSC framework 
 
Indicator Trust in government (%) 
Short description: Share of people that have trust in government. 
Source: Eurostat quality of life framework 
4.1.6 Adjusting the framework for CUTLER pilots 
The types of indicators that will be selected to monitor and evaluate a policy are directly 
related to the specific policy and its objectives. Thus, policy makers need to set clear 
objectives, identify which specific dimensions are affected by these objectives, and then 
select the appropriate indicators to monitor these dimensions. 
Given the large number of perceived dimensions, it is important to focus on the most 
important ones based on the specific policy objectives, so as to avoid a complex 
framework that loses its focus and involves high costs on collecting and analysing 
indicator data, allowing policy makers to focus on the larger picture. 
In the following, we adjust the framework to the CUTLER pilots and identify which 
dimensions are more relative for the policies examined in each pilot. 
4.1.6.1 Thessaloniki  
In the pilot of Thessaloniki, policy planners will use the CUTLER platform to design, 
implement, monitor, and evaluate a new controlled parking system.  
Thessaloniki is densely inhabited. Most areas in the city have more than one use, i.e. 
they are not strictly residential but also include professional spaces, hotels, shops, malls, 
entertainment areas, hospitals, etc. As a result, people move towards or out of all day 
long and there is a very high demand for parking spaces. Since both residents and 
visitors have to be served, the available parking space needs to be controlled. A new 
controlled parking system has been installed in two Municipal Districts. The available 
parking space is divided into white and blue sectors, destined for visitors and permanent 
residents respectively.  Visitors pay a fee to park their vehicle in one of the spots of a 
white sector. Residents are holders of parking cards that allow them to park their 
vehicles in any spot of a blue sector of their district. The system is supervised by the 
Municipal Police.   
The Municipality of Thessaloniki aims to use the CUTLER platform as a policy design 
tool that will help them optimize the controlled parking system by means of:  
 redistribution of parking spots for visitors and residents, aiming to reduce the 
number of penalty notices;  
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 evaluation of its environmental impact and recommendation of policy changes for 
further improvements;  
 introduction of moderations in the financial policy aiming to increase the profits;  
 support to the Municipal Police in supervising the system.3 
Figure 4-2 provides an overview of the framework dimensions that can be considered in 
this case. The focus is obviously on environmental aspects and more specifically on 
dimensions like mobility and air quality. 
 
Figure 4-2: Dimensions of CUTLER framework for assessing policy impact on the whole 
city ecosystem in the Thessaloniki pilot. 
4.1.6.2 Antalya 
The City of Antalya is crossed by Düden Brook, which is a natural stretch of water that 
falls into the Mediterranean Sea. Düden Brook runs through a densely populated area 
but also through protected areas of natural beauty. There are two waterfalls on Düden 
Brook, which are important tourist attractions. The first in the north, at the beginning of 
the river, is considered as both a natural and archeological protection zone. The 
Municipality of Antalya will use the CUTLER platform as a decision making tool that will 
allow them to design policies for increasing visitor numbers in the first waterfall attraction 
area, while protecting the environment.4 
Figure 4-3 provides an overview of the framework dimensions that can be considered in 
this case. The focus is on environmental and economic aspects and more specifically on 
dimensions like tourism, water resources, air quality, mobility and culture/recreation. 
                                               
3
 The short summary of the Thessaloniki pilot case is taken from deliverable D9.1. 
4
 The short summary of the Antalya pilot case was taken from deliverable D9.1. 
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Figure 4-3: Dimensions of CUTLER framework for assessing policy impact on the whole 
city ecosystem in the Antalya pilot. 
4.1.6.3 Antwerp 
The Antwerp pilot case is embedded in the overall ambition of the Flemish Region of 
Belgium to take action in the face of the increasing impact of climate change on urban 
areas. To address the climate change challenges with regard to rain water, the City of 
Antwerp is working on a Strategic Urban Water Plan covering the whole city. The plan 
focuses on what actions the city and city stakeholders need to take to protect 
themselves from the effects of climate change and floods, in particular. 
One of the measures considered is a garden street, which is a street with more green 
where measures that improve water infiltration (rather than collecting it in the sewer 
system) have been implemented. In the context of the CUTLER project, a garden street 
will be implemented and evaluated in the Lange Ridderstraat in Antwerp. The two parts 
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of the Antwerp pilot case are the strategic Urban Water Plan and the garden street in 
Lange Ridderstraat.5 
Figure 4-4 provides an overview of the framework dimensions that can be considered in 
this case. The focus is on environmental aspects and, more specifically, on dimensions 
like flooding, land cover use, water resources. 
 
Figure 4-4: Dimensions of CUTLER framework for assessing policy impact on the whole 
city ecosystem in the Antwerp pilot. 
4.1.6.4 Cork County 
The Cork pilot focuses on the future development of Camden Fort Meagher as a touristic 
destination. It is envisaged that the CUTLER platform will be used to assess specific 
criteria in relation to increasing visitor numbers at the Fort and, in particular, a policy in 
relation to ‘improving future access to the fort for visitors’. Currently, the Fort receives 
18,000 visitors a year and is restricted to openings over the summer months, from May 
to September only. Access to the Fort is limited to one local road, which approaches the 
Fort from the west. Parking at the Fort is currently limited to 30 spaces; and during times 
of peak demand, additional parking in the area is not available and therefore visitor 
vehicles often obstruct local roads and resident access.6 
                                               
5
 The short summary of the Antwerp pilot case is taken from deliverable D9.1. 
6
 The short summary of the Cork pilot case is taken from deliverable D9.1. 
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Figure 4-5 provides an overview of the framework dimensions that can be considered in 
this case. The focus is on environmental and economic aspects and, more specifically, 
on dimensions like tourism, income & wealth, mobility, water resources and open 
spaces. 
 
Figure 4-5: Dimensions of CUTLER framework for assessing policy impact on the whole 
city ecosystem in the Cork pilot. 
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5. Visualization of indicators assessing the city ecosystem as 
a whole 
In the previous section, we proposed a holistic framework for measuring policy impact on 
the city ecosystem as a whole, through the lens of sustainability, resiliency and citizen 
well-being. In this section, we present the visualization widget that was developed by 
CERTH to present this information to policy makers.  
This includes three steps: first, the policy makers select the relevant dimensions that are 
impacted by the policy at hand from the list of economic, environmental, social and 
governmental dimensions presented in Figure 4-1. Then, they select, for each 
dimension, the indicators that will be used to inform/monitor the policy measures from 
the lists of indicators presented in sections 4.1.2 - 4.1.5. This selection should be based 
on the objectives that have been set for each policy (e.g. increase number of tourists, 
decrease flooding events, etc.) but also take into account the availability of data sources 
that can provide appropriate data to measure the indicators. Finally, the selected 
indicators are visualized using a spider web representation.  
The widget is implemented as Kibana7 plugin and as such, can be used in conjunction 
with other visualization types like bar graphs, pie charts, goal gauges, etc. and can be 
placed into a common dashboard as well. Figure 5-1 depicts the seamless integration of 
the new widget in the list of available Kibana visualization types. 
 
Figure 5-1: The new spider-web widget is implemented as Kibana visualization plugin to 
take advantage of Kibana features. 
 
The plugin, as a CUTLER outcome, is available to the community and can also be used 
outside the context of the project. To whom might be interested in further expanding the 
plugin, the source code is available in GitHub: https://github.com/CUTLER-
H2020/spider.  
                                               
7
 https://www.elastic.co/products/kibana  
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5.1 Selecting dimensions and indicators  
Figure 5-2 illustrates the process for selecting dimensions/indicators based on easy-to-
use drop-down lists, following the aesthetics, user experience, and guidelines of Kibana. 
The indicators corresponding to the different aspects of the framework (environmental, 
social, and economic) are populated based on the available indexed datasets. The 
policy makers may change their selection of indicators and the visualizations are 
updated automatically in real-time. Policy makers are also able to apply filters or 
combine different indicators, the same way as any other Kibana visualization plugin.   
To facilitate the policy makers of the four pilot cities, specific dimensions and indicators 
are already pre-selected and pre-adjusted to specific policies, as proposed in section 
4.1.6, which also act as reference for composing new scenarios. 
 
 
  
Add new metric Select aggregation Select dimension 
 
Figure 5-2: Selecting and adding different indicators to the spider-web graph from the list 
of available indicators. 
5.2 Visualizing the city ecosystem indicators 
Spider web charts (also known as radar charts or polar charts, or star plots) are being 
used to visualize multivariate data. They display various groups of values over multiple 
common variables by providing an axis for each variable. The axes are arranged radially 
around the central point and are spaced equally. The set of indicators (metrics) selected 
by the policy makers are plotted along each axis and connected to form a polygon. 
Multiple sets can be placed on a single chart by displaying multiple overlaid polygons 
thus making comparisons easier. 
5.2.1 Normalizing indicator values 
The various indicators are visualized in the axes of the spider web chart, sharing the 
same tick marks and scale. However, as they obviously measure very different 
quantities (e.g. income, particles concentration, tourist visits, etc.), the range of typically 
measured values significantly varies among different indicators. In order for the spider-
web chart to be readable, a data normalisation process is necessary so that all variables 
(indicators) are scaled to the same range of values, i.e. [0-10] in our case. 
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Our normalization strategy is based on min-max normalization, using the following 
formula: 
𝑧𝑖 =
𝑥𝑖 − min(𝑥)
max(𝑥) −  min(𝑥)
× 10 
where 𝑥 = (𝑥1, … , 𝑥𝑛) is the set of available values in the data repository measured for a 
specific indicator x and 𝑧𝑖 is the normalised value for input value 𝑥𝑖 of this indicator. 𝑧𝑖 
takes a value between 0 and 10 for any input value 𝑥𝑖, thus allowing meaningful 
visualization of different indicators (e.g. GDP, well-being, air quality, etc.) in the same 
spider-web chart. 
Because the normalization formula requires the minimum and maximum values of the 
whole dataset, and since Kibana’s scripted field only has access to a single document at 
a time and not the entire result set, it is not possible to calculate the formula at query 
time. Instead, the data are indexed in an already normalized form. This method (pre-
processing the data prior to indexing) does not affect the performance comparing to 
scripted fields that might consume a sound amount of computational resources, 
especially when dealing with large datasets. 
5.2.2 Spider-web visualization of indicator values 
The values of selected indicators are consequently visualized in a spider web graph as 
shown in Figure 5-3. Each vertex corresponds to one indicator (see red arrows in this 
figure) and it is possible to select any number of them. The different polygons are 
defined based on the bucket field (see blue arrow) and could take values such as year, 
city, area, etc. (meaning we can compare: i) polygons (for the same city) corresponding 
to different years, ii) polygons corresponding to different cities (for the same year), etc.), 
depending on the available information in the dataset. Specific indicators can be shown 
or hidden at any time (see green circle) to allow policy makers to focus on specific 
dimensions/indicators. In Figure 5-4, typical examples of spider web graphs are 
illustrated, visualizing different numbers of selected indicators. 
 
 Figure 5-3: Selecting and adding different indicators from the list of available indicators 
(metrics). 
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Figure 5-4: Typical examples of spider-web graphs representing the system ecosystem as 
a whole. Each selected indicator corresponds to a spider-web graph vertex. 
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Due to the data normalization process described above, the indicator values are scaled 
to the [0, 10] range. However, depending on the normalization formula, it is possible to 
define either a custom range (by defining the max or min values) or (in case that 
normalization is not needed) let the plugin automatically define the axis range based on 
the minimum and maximum value in the dataset. The selection is made at the options 
tab of the plugin as shown in Figure 5-5. 
 
Figure 5-5: Selecting the normalization parameters for custom scaling of indicator values. 
 
This spider-web graph presents a summary of the city-ecosystem status in a given time. 
To effectively assess policy impact, the current status can be compared with the 
situation before policy implementation or at different stages of implementation. 
Alternatively, it can be compared to the diagrams corresponding to other cities or areas 
where similar measures are implemented. This spider-web graph visualization makes 
comparisons easy and straightforward as illustrated in Figure 5-6 below.  
 
 
Figure 5-6: Spider-web graph visualization of city ecosystem indicators, comparing a) 
different cities (left) or b) the situation in a specific city before and after the 
implementation of specific policy measures, i.e. progress over time (right). 
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To examine a specific indicator in more depth, it is possible to combine the spider-web 
graph with other types of visualization as shown in Figure 5-7. In this example, the 
quality of life indicator for the city of Thessaloniki (dynamic filter) is presented for the 
selected years (2016, 2017, 2018). 
 
Figure 5-7: Combining spider-web graphs with other visualization widgets (e.g. goal 
gauges). 
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6. Conclusions 
D8.2 presented a framework for assessing policy impact on the city ecosystem as whole, 
examining environmental, economic, social and governmental aspects simultaneously. 
Inspired by similar holistic approaches proposing urban indicators for measuring city 
progress and development, our focus was on evaluating policy impact in terms of urban 
sustainability, resilience and citizen well-being.  
To this end, we carefully examined ten different sustainability, resilience and well-being 
frameworks proposed by various international organizations to identify aspects and 
dimensions that can be applicable to the CUTLER context. Based on this analysis, a 
comprehensive framework for assessing urban development policies for waterfront cities 
has been developed, exploring 23 different dimensions classified under 4 pillars. For 
each dimension, a set of carefully selected indicators has been identified, combining 
robust and proven indicators commonly proposed in the literature with new indicators, 
appropriate for CUTLER pilots. The proposed framework is generalized enough to cover 
the needs of policy development in waterfront cities but it can also be easily adjusted to 
the needs of each city and policy. This is achieved by selecting: a) the urban life 
dimensions that will most probably be affected by a specific policy based on the stated 
policy objectives, and b) the indicators that are most suitable for monitoring and 
assessing the impact along a specific dimension.  
Moreover, a visualization widget has been developed by CERTH to present this 
information to policy makers in the form of spider web graphs that allow easy and 
straightforward comparison before and after the implementation of measures but also 
between policies or between cities.  
Future work will focus on cross-domain analysis, searching for correlations between 
different types of data and/or indicators, aiming to discover hidden connections between 
them and understand how one dimension may affect the other in the complex urban 
ecosystem, using advanced data mining tools.   
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7. Appendix 1: Resilience indicators proposed by OECD 
The following Table summarizes the urban resilience indicators proposed by OECD [4] 
(see section 3.2.1). The indicators are classified across the four aspects and 19 
dimensions of the OECD resilience framework. We also identify the indicators that are 
relevant to CUTLER pilots, based on the policy objectives set in each pilot. 
 
Aspect Dimension Indicator Type 
Applicatio
n to 
CUTLER 
pilots 
E
N
V
IR
O
N
M
E
N
T
A
L
 
Housing   
“Infrastructure is 
adequate and 
reliable” 
Housing deprivation: percentage of 
population living in dwelling considered 
overcrowded 
Outcome 
Quant.  
- 
Percentage of household income spent 
on housing by the poorest 20% of the 
population 
Outcome 
Quant. 
- 
Percentage of houses which have 
passed local building code inspections 
Outcome 
Quant. 
- 
Percentage of housing units exposed 
to a high level of hazard that have 
been designed or retrofitted to 
withstand the force of the hazard 
Outcome 
Quant. 
Antwerp 
Temporary 
accommodation 
needs  
 “Infrastructure is 
adequate and 
reliable” 
Percentage of population that could be 
served by city’s access to stock of 
emergency shelter for 72 hours 
Outcome 
Quant. 
Antwerp 
Safe hazard shelter vs. expected 
public demand 
Output 
Quant. 
Antwerp 
Percentage per capita of food reserves 
within a city (including supermarket 
agreements) for 72 hours (percentage 
of the population which could be 
served) 
Output 
Quant. 
- 
Energy 
“Infrastructure is 
adequate and 
reliable 
Average number of electrical 
interruptions per customer per year 
Outcome 
Quant. 
- 
Number of different supply sources 
providing at least 5% of electricity 
generation capacity 
Output 
Quant. 
- 
Number of days that city fuel supplies 
could maintain essential household 
functions 
Outcome 
Quant. 
- 
Water  
“Infrastructure is 
adequate and 
reliable” 
Proportion of population using safely 
managed drinking water services 
Output 
Quant. 
- 
Number of different supply sources 
providing at least 5% of water supply 
capacity 
Output 
Quant. 
- 
Percentage of population with access 
to improved sanitation coverage 
Output 
Quant. 
- 
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Aspect Dimension Indicator Type 
Applicatio
n to 
CUTLER 
pilots 
Proportion of urban solid waste 
regularly collected and with adequate 
final discharge out of total urban solid 
waste generated 
Output 
Quant. 
- 
Ecology  
 Sustainable urban 
development  
 “Adequate natural 
resources are 
available” 
Estimated average exposure to air 
pollution (OECD stat) or PM10 
concentration (ug/m3)  
Outcome 
Quant. 
THESS 
Percentage of wetland loss 
Output 
Quant. 
- 
Green area (hectares) per 100 000 
population or average percentage of 
pervious surfaces 
Outcome 
Quant. 
ANTERP 
ANTALYA 
Access & 
transport 
“Infrastructure is 
adequate and 
reliable” 
Proportion of population that has 
convenient access to public transport, 
by sex, age and persons with 
disabilities 
Outcome 
Quant. 
- 
Percentage of households with at least 
one vehicle 
Outcome 
Quant. 
THESS 
Number of arterial roads (km/km²) 
Output 
Quant. 
- 
Death rated due to traffic road injuries 
Outcome 
Quant. 
- 
E
C
O
N
O
M
IC
 
Economic 
diversity  
 “Industries are 
diverse to generate 
growth” 
Single-sector economic dependence 
(%), especially primary sector 
Outcome 
Quant. 
- 
Reliance on individual firms 
Outcome 
Quant. 
- 
Economic 
innovation  
 “Innovation takes 
place to lead 
economy” 
Number of new businesses registered 
within the city in the past year, per   
100 000 population 
Outcome 
Quant. 
CORK, 
ANTALYA 
Patent applications per million 
inhabitants 
Outcome 
Quant. 
- 
Share of tertiary education across the 
labour force 
Outcome 
Quant. 
- 
Skills and 
employment  
“The workforce has 
diverse skills” 
City’s unemployment rate (percentage 
of working age population) 
Outcome 
Quant. 
CORK, 
ANTALYA 
Percentage of secondary education 
completion rate 
Outcome 
Quant. 
- 
Percentage of people unemployed for 
more than six months who have 
access to a programme that is 
intended to improve their employment 
chances 
Outcome 
Quant. 
- 
S
O
C
IA L
 Income and 
inequality  
Equalised disposable household 
income (OECD stat) 
Outcome 
Quant. 
All pilots 
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Aspect Dimension Indicator Type 
Applicatio
n to 
CUTLER 
pilots 
 “Social inclusion” 
Poverty rate 
Outcome 
Quant. 
- 
GINI Index 
Outcome 
Quant. 
All pilots 
Spatial segregation (Dissimilarity 
Index, or Spatial Ordinal Entropy Index 
at a 1 000-metre scale) 
Outcome 
Quant. 
- 
Number of homeless people per 100 
000 population 
Outcome 
Quant. 
- 
Percentage of jobs paying the 
city/national living wage 
Outcome 
Quant. 
- 
Social capital and 
social cohesion  
 “Citizens’ networks 
in communities are 
active” 
Number of civic, social advocacy or 
faith-based organisations per 10 000 
people 
Output 
Quant. 
- 
Percentage of neighbourhoods with 
regular neighbourhood association 
meetings 
Output 
Quant. 
- 
Perceived social network support 
(percentage people that replied “yes” 
to the question: If you were in trouble, 
do you have family and friends you can 
count on to help in case of need) 
Outcome 
Quant. 
- 
Perceived interpersonal local network 
support: % of people that replied “yes” 
to the question: If you were in trouble, 
do you have neighbours you can count 
on to help you whenever you need 
them? 
Outcome 
Quant. 
- 
Health and well-
being  
 “Citizens enjoy 
healthy lives”  
Percentage of population that has 
health insurance coverage, including 
both public and private or have access 
to “free” (at the point of delivery) 
healthcare 
Output 
Quant. 
- 
Self -perception of health % population 
> 15 years who report “good” or better 
health to the question “How is your 
health in general?” with response scale 
“It is very good/good/fair/bad/very bad” 
Outcome 
Quant. 
- 
Average quality of life (satisfaction) 
Outcome 
Quant. 
All pilots 
Medical capacity  
 “People have 
access to services” 
Number of physicians per 100 000 
people 
Output 
Quant. 
- 
Number of hospital beds per 100 000 
people 
Output 
Quant. 
- 
Emergency 
response 
Average response time of fire 
response from initial call 
Outcome 
Quant. 
- 
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Aspect Dimension Indicator Type 
Applicatio
n to 
CUTLER 
pilots 
services  
“People have 
access to services” 
Average emergency (police) callout 
response time last yea 
Outcome 
Quant. 
ANTWERP 
Perceptions of local government 
emergency support 
Outcome 
Qualit. 
ANTWERP 
Communication  
  
“People have 
access to services” 
Number of telephone connections 
(landlines and cell phones) per 100 
000 population 
Output 
Quant. 
- 
Percentage of households with access 
to broadband Internet service 
Output 
Quant. 
- 
Percentage of population with 
language competency 
Output 
Quant. 
- 
G
O
V
E
R
N
A
N
C
E
 
Risk-based 
planning  
 “Government 
ensures citizens’ 
participation and 
has a clear long-
term vision” 
Risk assessment report  
Process 
Qualit. 
ANTWERP 
Land-use plans that have been 
developed with reference to local 
hazard risk assessment and that have 
been subjected to a formal 
consultation process 
Process 
Qualit. 
ANTWERP 
Hazard-mapping efforts, including 
energy facilities and industrial uses 
Process 
Qualit. 
ANTWERP 
Awareness and 
alert  
 “Citizens’ networks 
in communities are 
active” 
Multi-hazard early-warning system 
Process 
Qualit. 
ANTWERP 
Percentage of population that has 
received training on first-aid and 
emergency response skills in past two 
years 
Process 
Quant. 
- 
Percentage of school children 
educated in disaster risk reduction 
Process 
Quant. 
- 
Capacity-development platforms 
(online portal, brochures, guides, 
toolkits) 
Process 
Qualit. 
ANTWERP 
Percentage of neighbourhoods with 
emergency groups 
Process 
Quant. 
ANTWERP 
Level of trust in government 
Process 
Qualit. 
All pilots 
Transparency and 
accountability  
 “Government is 
open” 
City open data portal, including budget, 
organisational structure, plans and 
projects of different policy sectors 
Process 
Quant. 
All pilots 
The country has mechanisms to 
ensure co-ordination across levels of 
government 
Process 
Quant. 
All pilots 
The country has formal hor izontal 
mechanisms/incentives between 
subnational governments 
Process 
Quant. 
- 
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Aspect Dimension Indicator Type 
Applicatio
n to 
CUTLER 
pilots 
Funding 
availability  
 “The public sector 
has proper 
resources”  
 
Percentage of buildings with insurance 
cover for high-risk hazards relevant to 
the city 
Process 
Quant. 
ANTWERP 
Ten-year average per capita budget for 
mitigation projects 
Process 
Quant. 
ANTWERP 
Percentage of municipal budget spent 
in fire, police and emergency service 
Process 
Quant. 
ANTWERP 
Proportion of total government 
spending on essential services 
(education, health and social 
protection) 
Process 
Quant. 
- 
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8. Appendix 2: Resilience indicators proposed by Rockefeller/ 
Arup 
The following Table summarizes the urban resilience indicators proposed by the 
Rockefeller/Arup framework for city resilience [8] (see section 3.2.2). The indicators are 
classified across the four aspects and 12 dimensions of the framework. We also identify 
which indicators are relevant to CUTLER pilots, based on the policy objectives set in 
each pilot. 
 
Aspect Dimension Proposed indicators 
Application to 
CUTLER pilots 
Health & well-
being 
Minimal human 
vulnerability 
(extent to which 
basic needs are 
met) 
Food  - 
Energy - 
Water and sanitation - 
Housing - 
Diverse 
livelihoods and 
employment 
Livelihood opportunities - 
Skills and training - 
Development and innovation  - 
Access to financial assistance - 
Adequate 
safeguards to 
human life and 
health 
Public health management - 
Access to affordable health 
services  
- 
Emergency facilities and 
practitioners 
- 
Economy & 
society 
Collective identity 
and mutual 
support 
Community and civic participation All pilots 
Social relationships and networks - 
Local identity and culture - 
Social stability 
and security 
Deterrents to crime  - 
Corruption reduction - 
Policing and justice - 
Approach to law enforcement - 
Availability of 
financial 
resources and 
contingency 
funds 
Economic structure  - 
Inward investment All pilots 
Integration with regional or global 
economy 
- 
Business continuity planning - 
Sound fiscal management - 
Infrastructure& 
environment 
Reduced physical 
exposure and 
vulnerability 
Environmental policy ANTWERP 
Safeguards for critical 
infrastructure 
ANTWERP 
Building codes and standards - 
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Aspect Dimension Proposed indicators 
Application to 
CUTLER pilots 
Continuity of 
critical services 
Ecosystem management - 
Flood risk management ANTWERP 
Maintenance practice ANTWERP 
Demand on critical infrastructure - 
Continuity planning - 
Reliable 
communications 
and mobility 
Integrated transport networks THESS 
Information and communications 
technology 
- 
Emergency communications 
services 
- 
Leadership & 
strategy 
Effective 
leadership and 
management 
Multi-stakeholder alignment All pilots 
Intra-governmental alignment All pilots 
Government decision-making and 
leadership 
All pilots 
Emergency capacity and 
coordination 
- 
Empowered 
stakeholders 
Research, knowledge transfer and 
best practice sharing 
- 
Risk monitoring and alerts All pilots 
Public awareness of risk - 
Communication between 
government and citizens 
All pilots 
Education - 
Integrated 
development 
planning 
City monitoring and data All pilots 
Strategies and plans All pilots 
Land use and development ANTALYA 
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9. Appendix 3: Resilience indicators proposed by BRIC 
The following Table summarizes the community resilience indicators of the BRIC 
framework proposed by Cutter et al [11] (see section 3.2.3). The indicators are classified 
across the six aspects and different dimensions of the framework. We also identify which 
indicators are relevant to CUTLER pilots, based on the policy objectives set in each pilot. 
 
Aspect Dimension Proposed indicators 
Application to 
CUTLER pilots 
Social 
Educational attainment 
equality 
Negative absolute difference 
between % population with college 
education and % population with 
less than high school education 
- 
Pre-retirement age 
% Population below 65 years of 
age 
- 
Transportation 
% Households with at least one 
vehicle 
THESS 
Communication capacity 
% Households with telephone 
service available 
- 
English language 
competency 
% Population proficient English 
speakers 
- 
Non-special needs 
% Population without sensory, 
physical, or mental disability 
- 
Health insurance 
% Population under age 65 with 
health insurance 
- 
Mental health support 
Psychosocial support facilities per 
10,000 persons 
- 
Food provisioning capacity Food security rate - 
Physician access Physicians per 10,000 persons - 
Commun
ity 
capital 
Place attachment-not 
recent immigrants 
% Population not foreign-born 
persons who came to US within 
previous five years 
- 
Place attachment-native 
born residents 
% Population born in state of 
current residence 
- 
Political engagement 
% Voting age population 
participating in presidential election 
- 
Social capital-religious 
organizations 
Persons affiliated with a religious 
organization per 10,000 persons 
- 
Social capital-civic 
organizations 
Civic organizations per 10,000 
persons 
- 
Social capital-disaster 
volunteerism 
Red cross volunteers per 10,000 
persons 
- 
Citizen disaster 
preparedness and 
response skills 
Red cross training workshop 
participants per 10,000 persons 
- 
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Environ
mental 
Local food suppliers Farms marketing products through 
Community Supported Agriculture 
per 10,000 persons 
- 
Natural flood buffers % Land in wetlands - 
Efficient energy use Megawatt hours per energy 
consumer 
- 
Pervious surfaces Average percent perviousness ANTWERP 
Efficient Water Use Inverted water supply stress index - 
Housing/ 
infrastru
ctural 
Sturdier housing types 
% Housing units not manufactured 
homes 
- 
Temporary housing 
availability 
% Vacant units that are for rent - 
Medical care capacity Hospital beds per 10,000 persons - 
Evacuation routes 
Major road egress points per 
10,000 persons 
- 
Housing stock construction 
quality 
% Housing units built prior to 1970 
or after 2000 
- 
Temporary shelter 
availability 
Hotels/motels per 10,000 persons ANTWERP 
School restoration potential Public schools per 10,000 persons - 
Industrial re-supply 
potential 
Rail miles per square mile - 
High speed internet 
infrastructure 
% Population with access to 
broadband internet service 
- 
Economi
c 
Place attachment-not 
recent immigrants 
% Population not foreign-born 
persons who came to US within 
previous five years 
- 
Place attachment-native 
born residents 
% Population born in state of 
current residence 
- 
Political engagement 
% Voting age population 
participating in presidential election 
- 
Social capital-religious 
organizations 
Persons affiliated with a religious 
organization per 10,000 persons 
- 
Social capital-civic 
organizations 
Civic organizations per 10,000 
persons 
- 
Social capital-disaster 
volunteerism 
Red cross volunteers per 10,000 
persons 
- 
Citizen disaster 
preparedness and 
response skills 
Red cross training workshop 
participants per 10,000 persons 
- 
Institutio
nal 
Mitigation spending 
Ten year average per capita 
spending for mitigation projects 
ANTWERP 
Flood insurance coverage 
% Housing units covered by 
National Flood Insurance Program 
ANTWERP 
Jurisdictional coordination Governments and special districts 
per 10,000 persons 
- 
D8.2 - Cross-domain insights and visualization widget                                                            CUTLER-770469 
Filename: CUTLER_D8.2_final                                                                                                  Page 59 of 82 
Disaster aid experience 
Governmental disaster 
declarations divided by number of 
loss-causing hazard events  
- 
Local disaster training 
% Population in communities with 
disaster training 
- 
Population stability 
Population change over previous 
five year period 
- 
Crop insurance coverage 
Crop insurance policies per square 
mile 
- 
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10. Appendix 4: Sustainability indicators proposed by City 
Blueprints 
The following Table summarizes the proposed indicators for City Blueprints [14] (see 
section 3.3.1). The indicators are classified across the eight aspects and different 
dimensions of the framework related to water sustainability. We also identify which 
indicators can be used for CUTLER pilots, based on the policy objectives set in each 
pilot. 
 
Aspect Dimension Proposed indicators 
Application to 
CUTLER pilots 
Water 
security 
Total water footprint Total volume of freshwater used ANTWERP 
Water scarcity 
Ratio of total water footprint to total 
renewable water resources 
- 
Water self-sufficiency 
Ratio of the internal to the total water 
footprint. Self-sufficiency is 100 % if all 
the water needed is available and 
taken from within own territory 
- 
Water 
quality 
Surface water quality 
Assessment of quality preferably 
based on international standards for 
e.g. microbial risks, nutrients, BOD and 
organic/inorganic micro-contaminants 
ANTWERP, 
ANTALYA, 
CORK 
Groundwater quality 
Assessment of quality preferably 
based on international standards for 
e.g. microbial risks, nutrients, BOD and 
organic/inorganic micro-contaminants 
ANTWERP 
Drinking 
water 
Sufficient to drink Percentage of city population, with 
potable water supply service 
- 
Water system 
leakages 
Percentage of water lost in the 
distribution system 
- 
Water efficiency Assessment of the 
comprehensiveness of measures to 
improve the efficiency of water usage 
- 
Consumption Domestic water consumption per 
capita (liters/day) 
- 
Quality Percentage of drinking water meeting 
the WHO water quality guidelines or 
the EU Drinking Water Directive 
- 
Sanitation 
Safe sanitation 
Percentage of city population served 
by wastewater collection and treatment 
- 
Sewage sludge quality 
Percentage of sewage sludge that can 
be safely used in agriculture based on 
organic/inorganic 
micro-contaminants 
- 
Energy efficiency 
Assessment of the 
comprehensiveness of measures to 
improve the efficiency of wastewater 
treatment 
- 
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Energy recovery 
Percentage of wastewater treated with 
techniques to generate and recover 
energy 
- 
Nutrient recovery 
Percentage of wastewater treated with 
techniques to recover nutrients, 
especially phosphate 
- 
Infrastruc
ture 
Maintenance 
Percentage of infrastructure for 
wastewater collection, distribution and 
treatment younger than 40 years 
- 
Separation of 
wastewater 
and stormwater 
Percentage of separation of the 
infrastructures for wastewater and 
storm water collection 
ANTWERP 
Climate 
robustnes
s 
Local authority 
commitments 
Assessment of how ambitious and 
comprehensive strategies and actual 
commitments are on climate change 
ANTWERP 
Safety 
Assessment of measures taken to 
protect citizens against flooding and 
water scarcity, including sustainable 
drainage  
ANTWERP 
Climate-robust 
buildings 
Assessment of energy efficiency for 
heating and cooling, including 
geothermal energy 
- 
Biodiversi
ty and 
attractive
ness 
Biodiversity 
Biodiversity of aquatic ecosystems 
according to the WFD 
ANTALYA, 
CORK 
Attractiveness 
Water supporting the quality of the 
urban landscape as measured by 
community sentiment within the city 
All pilots 
Governan
ce 
Management and 
action plans 
Measure of local and regional 
commitments to adaptive, 
multifunctional, infrastructure and 
design for Integrated Urban Water 
Model (IUWM) as demonstrated by the 
ambition of the action plans and actual 
commitments 
ANTWERP 
Public participation 
Proportion of individuals who volunteer 
for a group or organization as a 
measure of local community strength 
and the willingness of residents to 
engage in activities for which they are 
not remunerated. Public participation is 
an indicator of stakeholder equity in 
the planning process 
All pilots 
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11. Appendix 5: Sustainability indicators proposed by the 
European Environmental Agency 
The following Table summarizes the indicators of the European Environmental Agency 
framework assessing urban metabolism [15] (see section 3.3.2). The 56 indicators are 
classified across four aspects of metabolic flows and several dimensions. The 15 
headline indicators are shown in bold letters. We also identify which indicators are 
relevant for the CUTLER pilots, based on the policy objectives set in each pilot. 
 
Aspect Dimension Proposed indicators 
Application to 
CUTLER pilots 
Urban 
flow 
 
Climate and energy  
CO2  intensity of production (kg of CO2 
per € GDP per year) 
THESS 
CO2 intensity of residential activities 
(Tonnes of CO2 emissions per capita 
per year)  
- 
CO2 intensity of  transportation 
(Tonnes of CO2 emissions per capita 
per year)  
THESS 
CO2 intensity of energy use (Tonnes 
of CO2 emissions per capita per 
year)  
- 
Energy efficiency of  production (KWH 
per unit of GDP per year) 
- 
Energy efficiency of transportation 
(MWH per capita per year)  
- 
Energy efficiency of  residential 
usage (MWH per capita per year) 
- 
Water 
Territorial water extraction  - 
Water use efficiency (m
3
 of water 
used per  capita per year) 
- 
Waste water treatment (% dwellings 
connected to sewage  system) 
- 
Water scarcity (Number of days) - 
Waste 
Waste intensity (Tonnes of waste 
per capita per year) 
- 
Recycling (Share (%) of solid waste 
recycled) 
- 
Waste Treatment:  Incineration (Share 
(%) of solid waste incinerated) 
- 
Waste Treatment: landfill (Share (%) of 
solid waste landfilled) 
- 
Land 
Soil sealing (increase of soil 
sealing in m
2
 over the last 
5/10years) 
ANTWERP 
Urban 
drivers 
Population and 
households 
Population size (Total number of 
resident living on city territory) 
All pilots 
Population growth (Total population 
increase over the last 5 years) 
All pilots 
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Household (Total number of 
households) 
- 
Household size (Average number of 
people per household) 
- 
Lifestyle 
GDP (GDP at city level) All pilots 
Income (Median disposable annual 
household income) 
All pilots 
Dwelling occupancy (Average 
occupancy per occupied dwelling) 
- 
Local climate 
Temperature (Average temperature of 
the warmest and the coldest month) 
All pilots 
Rainfall (Average annual rainfall) All pilots 
Prices 
House prices (average house price) All pilots 
Water price (average water price) - 
Transportation 
Traffic volume (Total number of vehicle 
km per capita) 
THESS, CORK, 
ANTALYA 
Modal split (% of trips to work by 
mode) 
THESS 
Travel time (Average travel time to 
work) 
THESS 
Commuters (Commuters into city 
minus  commuters out of city) 
THESS 
Car ownership (Number of private 
cars registered per capita) 
THESS 
Urban 
patterns 
City size 
City size (Spatial extent of city 
according to cadastral register in  km
2
)  
 
Land cover and use 
Sealed land (% of sealed urban area of 
city size) 
ANTWERP, 
CORK, 
ANTALYA 
Built-up land (% of land used for 
residential and  commercial purposes) 
ANTWERP, 
CORK, 
ANTALYA 
Open spaces (Share of green 
spaces area, water and wetland  
areas) 
ANTWERP, 
CORK, 
ANTALYA 
Transport  
Transport land  (% of land used for 
transport (road,  rail, ports)) 
- 
Length of transport  network (Length of 
public transport network in  km per 
capita)  
- 
Urban form 
Compactness Index (Index (higher for 
more compact developments)) 
- 
Centrality Index (Index (the larger the 
less centralized a city)) 
- 
Population density (Number of 
residents per km
2
)  
- 
Buildings 
Building stock  (Total number of 
dwellings (houses,  apartments)) 
 
- 
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Urban 
quality 
Air pollution 
O3 short (Number of days ozone 
concentrations exceed 120  
microgram/m
3
) 
THESS, 
ANTALYA, 
CORK 
NO2 short (Number of hours per year 
that  nitrogen dioxide NO2  
concentrations exceed 200 
microgram/m
3
) 
THESS, 
ANTALYA, 
CORK 
PM10 short (Number of days per year 
particulate matter PM10 
concentrations exceed 50 
microgram/m
3
) 
THESS, 
ANTALYA, 
CORK 
O3 long (Accumulated ozone 
concentration in excess 70 
microgram/m
3
  in microgram/m
2
) 
THESS, 
ANTALYA, 
CORK 
NO2 long (Annual average 
concentration of NO2 in 
microgram/m
2
) 
THESS, 
ANTALYA, 
CORK 
PM10 short (Annual average 
concentration of PM10 in 
microgram/m
2
 ) 
THESS, 
ANTALYA, 
CORK 
Noise 
Noise day (Proportion  of residents 
exposed to traffic noise during the  
day) 
THESS 
Noise night (Proportion  of residents 
exposed to traffic noise during the  
night) 
THESS 
Infrastructure, green 
space & accessibility 
Water quality (Proportion of dwellings 
connected to potable drinking water  
system) 
- 
Housing quality (Average area of living 
accommodation in m
2
 per  person) 
- 
Green space access (Green space to 
which the public has access in m
2
  per 
capita) 
ANTALYA, 
CORK 
Recreational land (Proportion of land 
area in recreational, sports and leisure 
use) 
ANTALYA, 
CORK 
Accessibility (Index, where 100 
represents EU27 average) 
All pilots 
Social Unemployment  rate  All pilots 
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12. Appendix 6: Sustainability indicators proposed by the 
Reference Framework for Sustainable Cities (RFSC) 
The following Table summarizes the proposed key indicators of the Reference 
Framework for Sustainable Cities [18] (see section 3.3.3). The indicators are classified 
across 4 aspects and 30 different dimensions. We also identify which indicators are 
relevant to CUTLER pilots, based on the policy objectives set in each pilot. 
 
Aspect Dimension Proposed indicators 
Application to 
CUTLER pilots 
Economic 
Green growth and 
circular economy 
Net migration - 
Innovation and 
smart cities 
R&D intensity - 
Connectivity 
Percentage of households having access 
to high speed internet of above 30 Mbps 
- 
Sustainable 
production and 
consumption 
Satisfaction with level of city’s 
promotion/support for local and/or 
sustainable production 
- 
Employment 
Employment rate for women and men 
aged 20-64 
All pilots 
Local economy 
Employment rate per activities sector – as 
indicator for economic diversity 
ANTALYA, 
CORK 
Social 
Mobility  
Percentage of trips by private motorized 
transport - ECI, USI, by car and motor 
cycle – UA 
THESS, 
ANTALYA 
Satisfaction with level of public transport 
services 
ANTALYA, 
CORK 
Cost of a monthly ticket for public transport 
for 5-10 km 
ANTALYA, 
CORK 
Education and 
training 
Satisfaction with level of social services, 
nursery, primary and secondary schools 
- 
Percentage of early school leavers - 
Share of 30-34 years old having completed 
tertiary or equivalent education 
- 
Health and well-
being 
‘Satisfaction with level of health services/ 
health care services’ 
- 
Percentage of people living in poverty 
and/or receiving government financial 
assistance 
- 
Housing 
Housing price/income ratio and housing 
rent/income ratio 
- 
Culture and 
leisure 
Percentage of municipal budget allocated 
to cultural and sporting facilities 
ANTALYA, 
CORK 
Environm
ental 
Climate change 
Greenhouse gas emissions – in tons per 
capita 
THESS, 
ANTWERP 
Share of renewables in energy 
consumption 
- 
Annual CO2 emissions per capita All pilots 
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Biodiversity and 
ecosystems 
(Percentage of) areas designated for 
nature protection and biodiversity under 
either municipal, communal, national or 
local schemes’ 
ANTALYA, 
CORK 
Pollution 
The number of times that the limit PM10 
permitted by the European directives on air 
quality is exceeded 
THESS 
Share of people exposed to night noise 
levels higher than 55 dB 
THESS 
Water resources 
Water consumption per inhabitant per year - 
Soil sealing (m2) per capita - 
Public spaces 
Percentage of people living within 100m of 
a public open area 
- 
Governan
ce 
Integrated 
territorial strategy 
Latest approval or revision date of a 
master plan with an integrated vision for 
the city as a whole 
All pilots 
Citizen 
participation 
Level of involvement of inhabitants in the 
elaboration and implementation of projects 
and programmes in deprived 
neighbourhoods 
- 
Satisfaction of local stakeholders with 
opportunities to participate in local 
planning and decision-making processes 
All pilots 
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13. Appendix 7: Sustainability indicators proposed by 
Sustainable Cities International  
The following Table summarizes the indicators proposed by Sustainable Cities 
International (SCI) [19] (see section 3.3.4). The indicators are classified across three 
aspects and 14 dimensions. We also identify which indicators are relevant to CUTLER 
pilots, based on the policy objectives set in each pilot. 
 
Aspect Dimension Proposed indicators 
Application to 
CUTLER pilots 
Economic 
Unemployment 
rates/ Jobs 
Underemployment/ employment/ 
unemployment rates 
All pilots 
Percentage of green jobs in the local 
economy 
All pilots 
Average professional education years of 
labour force 
- 
Economic growth 
Annual GDP growth rate All pilots 
Annual GNP growth rate All pilots 
Net Export Growth rates (% increase of 
country’s total exports minus the value of 
its total imports per annum) 
- 
Foreign Direct Investments (Capital/ 
Earnings accrued from listed FDI’s per 
annum) 
- 
Social 
Complete 
neighbourhood/ 
Compact city 
Access to local/ neighbourhood services 
within a short distance 
- 
Crime rates - 
Measures of income distribution and 
inequality 
- 
Housing 
Percentage of social/ affordable/ priority 
housing 
- 
Breakdown of housing sector by property 
type (owner occupied/ rental, single 
occupant/couples/family/multifamily etc.) 
- 
Quality public 
space 
Percentage of roadways in good condition - 
Percentage of green space (public parks) 
coverage in relation to city area and/or 
population size 
CORK, 
ANTALYA 
Education 
Number of schools with environmental 
education programs 
- 
Adult literacy rate - 
Health 
Mortality rate/ Life expectancy - 
Percentage of population with access to 
health care services 
- 
Sanitation 
Percentage of population with access to 
waterborne or alternative (and effective) 
sanitary sewage infrastructure 
- 
Environm
ental Green spaces 
Percentage of preserved areas/ reservoirs/ 
waterways/parks in relation to total land 
area 
CORK, 
ANTALYA, 
ANTWERP 
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Percentage of trees in the city in relation to 
city area and/or population size 
ANTWERP 
Reduce 
greenhouse 
gases/ Energy 
efficiency 
Total amount of GHG emissions per city 
and per capita 
All pilots 
Percentage of total energy consumed in 
the city that comes from renewable 
sources 
- 
Mobility 
Transportation mode split (Percentage of 
each mode of transportation, i.e. private, 
public, bicycles, pedestrians)  
THESS, 
ANTALYA, 
CORK 
Average commute time and cost THESS 
Water quality/ 
Availability 
Total amount of water availability - 
Water quality index/score - 
Proportion of population with access to 
adequate and safe drinking water 
- 
Air quality 
Levels of Particulate Matter (PM10-mg/m
3
) 
THESS, 
ANTALYA, 
CORK 
Levels of Particulate Matter (PM2.5-mg/m
3
) 
THESS, 
ANTALYA, 
CORK 
Waste/ Reuse/ 
Recycle 
Recycling rate (Percentage diverted from 
waste stream) 
- 
Volume of solid waste generated - 
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14. Appendix 8: Quality of Life indicators proposed by 
Eurostat 
The following Table summarizes the Quality of Life indicators proposed by Eurostat [21] 
(see section 3.4.1). The indicators are classified across the nine dimensions and 
different sub-dimensions of the framework. The 17 headline indicators are shown in bold 
letters. We also identify which indicators can be used for CUTLER pilots, based on the 
policy objectives set in each pilot. 
 
Dimension
s 
Topics Indicators Type Data source 
Applicatio
n to 
CUTLER 
pilots 
Material 
living 
conditions  
Income 
Median disposable 
equivalised income 
Objective EU-SILC, yearly 
All pilots 
Income inequality 
(S80/S20 income 
quintile ratio) 
Objective EU-SILC, yearly 
- 
At-risk-of-poverty rate Objective EU-SILC, yearly - 
At-risk-of-poverty rate 
anchored at fixed 
moment in time 
Objective EU-SILC, yearly 
- 
Satisfaction with 
financial situation 
Subjective 
EU-SILC, 2013 ad 
hoc module on well-
being 
- 
Consumption 
Actual individual 
consumption (per 
capita) 
Objective 
National Accounts, 
yearly 
- 
Basic expenses in the 
total household 
expenditure 
Objective 
Household Budget 
Survey 
- 
Material 
conditions 
Severe material 
deprivation rate 
Objective EU-SILC, yearly 
- 
(In)ability to make ends 
meet 
Objective EU-SILC, yearly 
- 
Structural problems of 
the dwelling 
Objective EU-SILC, yearly* 
- 
Space in the dwelling 
(overcrowding/under-
occupation) 
Objective EU-SILC, yearly 
- 
Satisfaction with 
accommodation 
Subjective 
EU-SILC, 2013 ad 
hoc module on well-
being 
- 
Productive 
or main 
activity 
Economic 
activity / Quantity 
of employment 
Employment rate Objective 
EU Labour Force 
Survey (LFS), yearly 
All pilots 
Unemployment rate 
Objective 
 
EU-LFS, yearly 
All pilots 
Long-term Objective EU-LFS, yearly All pilots 
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unemployment rate 
People living in 
households with very 
low work intensity 
Objective 
 
EU-SILC, yearly 
- 
Underemployed part-
time workers 
Objective EU-SILC, yearly 
- 
Economic 
activity / Quality 
of employment 
Low-wage earners Objective 
The Structure of 
Earnings Survey 
(SES) -every 4 years 
- 
Temporary contracts Objective EU-LFS, yearly - 
‘Involuntary’ temporary 
contracts 
Objective EU-LFS, yearly 
- 
Over-qualification rate Objective EU-LFS, yearly - 
Self-reported over-
qualification 
Subjective 
EU-LFS ad hoc 
module 2014 
- 
Incidence rate of fatal 
accidents at work 
Objective 
European statistics 
on accidents at work 
(ESAW), yearly 
- 
Average number of 
usual weekly hours of 
work 
Objective EU-LFS, yearly 
- 
Long working hours 
(more than 48 per 
week) 
Objective EU-LFS, yearly 
- 
Atypical working hours 
(usual work during 
evenings, nights, 
Saturdays or Sundays) 
Objective EU-LFS, yearly 
- 
Flexibility of the work 
schedule 
Objective 
EU-LFS 2010 ad hoc 
module on 
‘Reconciliation 
between work and 
family life’; 
- 
Job satisfaction Subjective 
EU-SILC, 2013 ad 
hoc module on well-
being 
- 
Main reason for 
economic 
inactivity 
Inactive population by 
reason of inactivity 
Objective EU-LFS, yearly 
- 
Health 
Outcomes 
Life expectancy at birth Objective 
Demographic data, 
yearly 
- 
Healthy Life Years  Objective 
Demographic data 
and EU-SILC, yearly 
- 
Self-perceived health Subjective EU-SILC, yearly - 
Self-reported mental 
health 
Subjective EHIS 2014 
- 
Determinants(he
althy and 
unhealthy 
Body Mass Index Objective EHIS 2008 and 2014 - 
Daily smokers Objective EHIS 2008 and 2014 - 
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behaviours) Hazardous alcohol 
consumption 
Objective EHIS 2014 
- 
Practice of physical 
activity 
Objective EHIS 2014 
- 
Consumption of fruits 
and vegetables 
Objective EHIS 2014 
- 
Access to 
healthcare 
Unmet needs for 
medical care 
Objective EU-SILC, yearly 
- 
Education 
Competences 
and skills 
Tertiary educational 
attainment 
Objective EU-SILC, yearly 
- 
Early leavers from 
education and training 
Objective EU-SILC, yearly 
- 
Individuals’ level of 
internet (digital) skills 
Objective 
Survey  on  ICT  
usage in  households  
and  by individuals, 
2013 
- 
Population reporting not 
to know any foreign 
language 
Objective 
Adult Education 
Survey 2011 
- 
Level of best known 
foreign language 
Objective 
Adult Education 
Survey 2011 
- 
Mean literacy 
proficiency score 
Objective 
PIAAC, rounds 2011 
and 2014 
- 
Lifelong learning 
Participation in adult 
education and training 
Objective EU-LFS, yearly 
- 
Opportunities for 
education 
Participation in 
education of children 
four-year-olds 
Objective 
UOE (UNESCO, 
OECD, Eurostat) 
administrative data 
collection on 
education, yearly 
- 
Leisure and 
social 
interaction
s 
Leisure 
Non-participation in 
culture or sport 
activities 
Objective 
EU-SILC ad hoc 
modules 2006 and 
2015 on social and 
cultural participation 
CORK, 
ANTALYA 
Satisfaction with time 
use 
Subjective 
EU-SILC 2013 ad 
hoc module on well-
being; 
- 
Financial obstacles to 
leisure participation 
Objective 
EU-SILC ahm 2015 
on social and cultural 
participation 
- 
Social 
interactions 
Frequency of getting 
together with friends 
Objective 
EU-SILC ad hoc 
modules 2006 and 
2015 on social and 
cultural participation 
- 
Satisfaction with 
personal relationships 
Subjective 
EU-SILC 2013 ad 
hoc module on well-
being 
- 
Participation in formal 
voluntary activities 
Objective 
EU-SILC ad hoc 
module 2006 and 
2015 
- 
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Participation in informal 
voluntary activities 
Objective 
EU-SILC ad hoc 
module 2006 and 
2015; 
- 
Help from others 
(having someone to 
rely on in case of 
need) 
Objective 
U-SILC ad hoc 
modules 2006 and 
2015 on social and 
cultural participation; 
- 
Having someone to 
discuss personal 
matters with 
Objective 
U-SILC ad hoc 
modules 2006 and 
2015 on social and 
cultural participation; 
- 
Trust in others Subjective 
EU-SILC 2013 ad 
hoc module on well-
being; 
- 
Economic 
and 
physical 
safety 
Economic 
security 
Population unable to 
face unexpected 
financial expenses 
Objective EU-SILC, yearly 
- 
Percentage of persons 
employed in the 
previous year 
transitioning to 
unemployment this year 
Objective EU-SILC, yearly 
- 
Physical safety 
Homicide rate Objective 
Raw figures are 
collected by Eurostat 
on an annual basis 
for crimes recorded 
by the police 
- 
Perception of crime, 
violence or vandalism 
in the living area 
Subjective 
EU-SILC 2013 ad 
hoc module on well-
being 
- 
Governanc
e and basic 
rights 
Institutions and 
public services 
Trust in the legal 
system 
Subjective 
EU-SILC 2013 ad 
hoc module on well-
being 
- 
Discrimination 
and equal 
opportunities 
Gender employment 
rate gap 
Objective EU-LFS, yearly 
- 
Gender pay gap Objective EU-LFS, yearly - 
Gap in employment 
rates between nationals 
and non-EU citizens 
Objective EU-LFS, yearly 
- 
Active citizenship Active citizenship Objective 
EU-SILC ad hoc 
module 2015 on 
social and cultural 
participation 
 
Natural and 
living 
environme
nt 
Pollution  
Urban population 
exposure to air 
pollution by 
particulate matter 
(PM10) 
Objective EEA, yearly 
THESS, 
ANTALYA, 
CORK 
Perception of 
pollution, grime or 
other environmental 
problems 
Subjective EU-SILC, yearly 
THESS, 
ANTALYA, 
CORK 
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Noise from neighbours 
or from the street 
Subjective EU-SILC, yearly 
THESS 
Access to green 
and recreational 
spaces 
Satisfaction with 
recreational and green 
areas 
Subjective 
EU-SILC 2013 ad 
hoc module on well-
being 
ANTALYA, 
CORK 
Landscape and 
built environment 
Satisfaction with living 
environment 
Subjective 
EU-SILC 2013 ad 
hoc module on well-
being 
- 
Overall 
experience 
of life 
Life satisfaction 
Overall life 
satisfaction 
Subjective EU-SILC ahm 2013 
All pilots 
Affects 
Negative affects being 
very nervous; feeling 
down in the dumps; 
feeling downhearted or 
depressed)  
Subjective 
EU-SILC 2013 ad 
hoc module on well-
being 
- 
Positive affects (being 
happy) 
Subjective 
EU-SILC 2013 ad 
hoc module on well-
being 
- 
Meaning and 
purpose of life 
Assessing whether life 
is worthwhile 
Subjective 
EU-SILC 2013 ad 
hoc module on well-
being 
- 
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15. Appendix 9: Well-being indicators proposed by OECD 
The following Table summarizes the indicators of the OECD framework for measuring 
well-being [22] (see section 3.4.2).  The indicators are classified across three domains 
and 15 dimensions. We also identify which indicators are relevant for CUTLER pilots, 
based on the policy objectives set in each pilot. The asterisk next to some indicators of 
the sustainability domain denotes that these are also included in the current well-being 
indicators (material conditions & quality of life), since they are relevant to both current 
and future well-being.  
 
Domain Dimension Proposed indicators 
Application to 
CUTLER pilots 
Material 
condition
s 
Income and 
wealth 
Household net adjusted disposable income 
per capita  
All pilots 
Household net financial wealth per capita All pilots 
Jobs and 
earnings 
Employment rate (Share of the working 
age population (people aged from 15 to 
64) who are currently employed in a paid 
job) 
All pilots 
Long term unemployment (Number of 
persons who have been unemployed for 
one year or more as a share of the labour 
force (the sum of the employed and the 
unemployed)) 
All pilots 
Housing 
Rooms per person - 
Share of dwellings without basic facilities - 
Quality of 
life 
Health status 
Life-expectancy at birth - 
Self-reported health - 
Work and life 
balance 
Percentage of employees working long 
hours (more than 50 hours a week) 
- 
Time (hours per day) devoted to leisure 
and personal care 
- 
Employment rate of women with children of 
compulsory school age 
- 
Education and 
skills 
Educational attainment (percentage of 
adults with at least upper secondary 
education) 
- 
Literacy (PISA scores in reading) - 
Social 
connections 
Contact with others (Percentage of people 
socialising with friends or relatives at least 
once a week) 
- 
Social network support (Percentage of 
people who have relatives or friends they 
can count on) 
- 
Civil engagement 
and governance  
Voter turnout - 
Formal and open consultation processes 
on rule-making index 
All pilots 
Environmental 
quality 
Air pollution (PM10 concentrations, 
micrograms per cubic meter) 
THESS, 
ANTALYA, 
CORK 
Personal security 
Intentional homicides rate per 100,000 
population 
- 
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Self-reported victimization (percentage of 
people declaring that they have been 
assaulted over the previous year) 
- 
Subjective well-
being 
Life satisfaction All pilots 
Sustainab
ility 
Natural capital 
Greenhouse gas emissions from domestic 
production 
- 
CO2 emissions from domestic production  
Exposure to PM10 pollution* 
THESS, 
ANTALYA, 
CORK 
Forest area ANTALYA 
Renewable fresh water resources  
Threatened birds ANTALYA 
Threatened mammals ANTALYA 
Threatened plants ANTALYA 
Human capital 
Young adults educational attainment (aged 
25-34) 
- 
Educational attainment * - 
Literacy* - 
Life expectancy at birth* - 
Educational expectancy - 
Long term unemployment* - 
Smoking prevalence - 
Obesity prevalence - 
Economic capital 
Produced fixed assets - 
IP assets - 
Financial net worth of government - 
Household net financial wealth* All pilots 
Investment in R&D - 
Gross fixed capital formation - 
Financial worth of total economy All pilots 
Banking sector leverage - 
Household debt - 
Social capital 
Trust in others - 
Trust in police - 
Trust in national government All pilots 
Volunteering through organizations All pilots 
Government stakeholder engagement All pilots 
Voter turnout * - 
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16. Appendix 10: CUTLER framework for urban quality of life, 
sustainability and resilience in waterfront cities 
The following Table summarizes the indicators of the CUTLER framework for assessing 
the city ecosystem as a whole (see Section 4.1). The indicators are classified across 4 
domains and 23 dimensions. We also identify which indicators are relevant for CUTLER 
pilots, based on the policy objectives set in each pilot.  
 
Aspect Dimension Indicator 
Application 
to CUTLER 
pilots 
E
N
V
IR
O
N
M
E
N
T
A
L
 
Climate change 
Annual carbon dioxide (CO2) emissions 
ANTALYA, 
THESS, 
CORK 
Share of renewables in energy 
consumption 
- 
Biodiversity (Share of areas designated 
for nature protection and biodiversity) 
ANTALYA 
Rainfall (Precipitation) All pilots 
Temperature  All pilots 
Air quality 
PM10 concentration 
ANTALYA, 
THESS, 
CORK 
Frequency of PM10 concentrations 
above permitted limits (number of days 
per year) 
ANTALYA, 
THESS, 
CORK 
NO2 concentration 
ANTALYA, 
THESS, 
CORK 
O3 concentration 
ANTALYA, 
THESS, 
CORK 
Water resources 
Surface water quality 
ANTWERP, 
ANTALYA, 
CORK 
Groundwater quality ANTWERP 
Surface water level 
ANTWERP, 
ANTALYA, 
CORK 
Groundwater level ANTWERP 
Water availability 
ANTWERP, 
ANTALYA 
Water footprint ANTWERP 
Noise  
Day noise THESS 
Night noise THESS 
Public and Green space access (m
2
 per capita) All pilots 
D8.2 - Cross-domain insights and visualization widget                                                            CUTLER-770469 
Filename: CUTLER_D8.2_final                                                                                                  Page 77 of 82 
Aspect Dimension Indicator 
Application 
to CUTLER 
pilots 
green spaces 
Recreational land (%) 
ANTALYA, 
CORK 
 Land cover and 
land use 
Sealed land (%) 
ANTWERP, 
ANTALYA, 
CORK 
Built-up land (%) 
ANTWERP, 
ANTALYA, 
CORK 
Open spaces land (%) 
ANTWERP, 
ANTALYA, 
CORK 
Mobility 
Transportation modes 
THESS, 
CORK, 
ANTALYA 
Car ownership 
THESS, 
CORK, 
ANTALYA 
Traffic volume 
THESS, 
CORK, 
ANTALYA 
Average commute time THESS 
Satisfaction with level of public transport 
services 
THESS, 
CORK, 
ANTALYA 
Waste  
Waste intensity (Tonnes/capita/year) - 
Recycling (%) - 
Flooding 
Magnitude of maximum flood  ANTWERP 
Frequency of floods  ANTWERP 
Economic losses from floods   ANTWERP 
Urban form 
Population density (people/km
2
) - 
Urban centrality index (km) - 
Attractiveness Waterfront attractiveness 
CORK, 
ANTALYA 
E
C
O
N
O
M
IC
 
Income and 
wealth 
City GDP All pilots 
Net adjusted disposable annual 
household income 
All pilots 
Income inequality - 
Employment 
Employment rate All pilots 
Long unemployment rate All pilots 
New businesses 
CORK, 
ANTALYA, 
THESS 
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Aspect Dimension Indicator 
Application 
to CUTLER 
pilots 
Economic 
diversity 
Employment per sector 
CORK, 
ANTALYA 
Single-sector dependence - 
Real-estate 
House price (euros) ANTWERP 
Commercial property price (euros) ANTWERP 
Land price (%) 
ANTWERP, 
CORK, 
ANTALYA 
Real estate transactions (%) 
ANTWERP, 
CORK, 
ANTALYA 
House affordability (%) - 
Tourism 
Number of tourists 
CORK, 
ANTALYA 
Tourism GDP 
CORK, 
ANTALYA 
Total tourism employment 
CORK, 
ANTALYA 
Ports 
Container throughput - 
Vessels traffic (number of vessels) - 
Passengers traffic - 
GDP from port activities - 
S
O
C
IA
L
 
Culture, leisure 
and recreation 
Participation in culture or sport activities 
CORK, 
ANTALYA 
City budget allocated to culture or sport 
facilities 
CORK, 
ANTALYA 
Satisfaction with time spent on culture or 
sport facilities 
- 
Social 
interactions 
Contacts with others  
Social network support - 
Trust in others - 
Overall life 
satisfaction 
Overall life satisfaction All pilots 
Satisfaction with life in city All pilots 
G
O
V
E
R
N
A
N
C
E
 
Civic 
engagement 
Voter turnout - 
Public 
participation 
Number of civic organizations - 
Participation in voluntary activities (%) - 
Governance 
Transparency All pilots 
Public participation in decision making 
processes 
All pilots 
Public satisfaction with participation All pilots 
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Aspect Dimension Indicator 
Application 
to CUTLER 
pilots 
Trust in government All pilots 
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